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MEN AVAILABLE— 
PERSO N N EL Metallurgical Engineer, 26, family 
in, ce es position of 1 01 i Senior Metals Process Develop 


ment Engineers, for metals proce 
! velopment ervice $0 to 45 


| HE following employment items are made 
available to AIME members on a non 
protit basis by the Engineering Societies Per 
sonnel Service, Inc (Agency operating in 


Metallurgist, 
| Four Veul ox prt 
A 


pro 
Development Metallurgist. Must 


cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
8 W 40th St. New York 18, 100 Farnsworth 

Ave, Detroit, 57 Post St, San Francisco, 84 


E Randolph St, Chicago Applicants should 
be qualified metaiiul cal engineer 


address all mail to the proper key numbers in 
POSITIONS OPEN capable ot ipe 


care of the New York office and include 6« 
m stamps for forwarding and returning appli 
ding 


Sales Personnel: a) 
fabricating 


cation The applicant agrees, if placed in a 
position by means of the Service. to pay the 
placement fee listed by the Service AIME 

positions available for $3.50 a quarter, $12 a nvestine Cast 

yeor to $14,000 a year. b) 

ment and rapid 

trative responsit 


Fast. W486%3 


ASSISTANT TO EXECUTIVE VICE PRESIDENT Metallurgical Engineer, preferably 
with M.S. degree, for basic and ap 
plied research covering preparation 
of iron oxi and ron illoy pow 


wit 


RESEARCH METALLURGIST. We 


wit 


with 


WESTON RICHARDSON & ASSOCIATES CONSULTING MANAGEMENT ENGINEERS 
SIA EAST FORTY FIFTH STREET NEW YORK 17, NEW YORK 
MURRAY HILL 2.4936 


PHYSICAL 


EXPERIENCED ENGINEERS METALLURGISTS 


Positions 


@ PROGRESSIVE COMPANY, world’s largest producer of ferro 
alloys and alloying metals, has a number of 
@ CHALLENGING OPPORTUNITIES for mechanical, civil, electri 
cal and chemical engineers with experience in 
GENERAL PLANT DESIGN AND LAYOUT 
NEW PLANT DEVELOPMMENT AND SERVICE 
ESTIMATING FOR PLANT CONSTRUCTION 
CONSTRUCTION SUPERVISION 
POSITIONS ARE PERMANENT and result from the expansion of 
our Engineering and Construction Department, required to keep 
abreast of continued Company growth 
EXCELLENT SALARIES, commensurate with related experience, 
preferably in the metallurgical or chemical industry 
RELOCATION PAID — LIBERAL COMPANY BENEFITS 
WwW. W Lake, The Company 


rvt 


Send resume and salary requirements to Mr 
Administrator of Recruiting 


ELECTRO METALLURGICAL COMPANY ' 
end resume to 

Metallurgical Department 

Handy & Harman 


1770 Kings Highway 
Fairtield, Connecticut 


Division of Union Carbide Corporation 


Niagora Falls, New York 


126 JOURNAL OF METALS, JUNE 1957 


‘ i iid vv | 
eleotre tis proce ind related ectar il ela irgi 
fields. M-161 cal, with at least five years exper! 
1 devel 
4 etal 
eve ent 
n rapidly 
im rollir ind 
ition. F perience 
tallurg' na et 
atior desirable 
nd benefit vitl 
reative develop 
q owtl 
Locatior 
(Cont ed page (2a 
wotk rect? or the we five Jie Pre ent um New York City 
' ‘ tion wath unusu pportuniti« 
' es w e handled trot wit ' ’ yatior high tems 
A yy PRE N CASTIN 
evelopment Engi 
metal slloy 
rous base metal a 
electnca ntact 
i meta product 
y ynd fluxeé for 
ty bose met 
j hove either an 
story nm rairtield 
lentia mmu 
ent New Yor 
t hed. growing, moder 
red eopie ina 


GET A 


...of manganese 


with MANTEMP 


ferromanganese 


al- 


lov allow open hearth meliter to 


This new exothermic manganese 


make higher additions of manyanese 


to the ladle ip to 1.5% manganese ) 


Thus you get 


e 10% to 15% higher recoveries of 


manyanese 


e More consistent manyanese recov- 


eries with fewer missed heat 


e 15 to 20 minutes less furnace time 


for low-carbon heats 


The strony exothermic action of 
MANTEMP ferromanyanese sharply 


reduce eyreyation of manyanese 


vithin the ladle In addition, it 


inique exothermic reaction allow 


hiyher and more consistent reco, 


eries of aluminum when aluminum 


is added as an alloying element 


Your nearest ELECTROMET office 
will be 


formation concerning the high and 


vlad to vive vou further in 


medium-carbon grades of MANTEMP 
exothermic ferromanganese. Write 
ELECTRO METALLURGICAL COM 
PANY, Division of Union Carbide 
Corporation, 30 EF, 42nd St., New 


York 17, N.Y. 


WETAILS DO WORE ALL THE TIVE 
THANAS TO 


Electromet 


FERRO-ALLOYS AND METALS 


UNION 
CARBIDE 


BETTER RECOVERY 


FA 
> 
/ 
| 
| 
Phe ter Electromet”, and Union Carbide” a udo-marks of Union Carbide Corporation. 
JUNE 1957, JOURNAL OF METALS 727 


PHYSICAL METALLURGIST Personals 
REM-CRU TITANIUM, INC 
PHYSICAL METALLURGIST Continued from page 726 


Metallurgist, for research and 


pment on ! h temperature 


PHYSICAL 
AND 
MECHANICAL 


METALLURGISTS 
METALLURGISTS BS,MS, and PhD 


METALLURGICAL 
ENGINEER 


Titanium Alloys 
Refractory Metals Plasticity 


Opportunities exist for both SAP-Type Alloys Fracture 
recent jraduate and tnose 
with everal year exper ( mpany Sponsored 
im research devel yp earch 
ment, failure analysis, heat Excellent Experimental 
treating rt nm testing Facilities 
metatlography welding 
enero! | Liberal Publication Policy 
illurgy. Fully equipped Graduate Study Program 
modern laboratory in South 
er Chis end reply with Write or phone 

ivy if } i] ivy rf 


ciate Director of 


Employment Department XX 


GOODYEAR ATOMIC 


Research 


Thompson Products, In 


CORPORATION 


23555 Euclid Avenue 


Cleveland 17. Ohio 


and Basic and Applied Research 


Hot Working 


CLEVELAND OPPORTUNITIES 
IN 
RESEARCH AND DEVELOPMENT 
FOR 
MECHANICAL AND METALLURGICAL ENGINEERS 


you hav had professional and are ready to move into imcreased responsibil: 
and pportunits cont 
BEARING AND FRICTION MATERIALS 
tudy phenomena oa sted with moving surfaces ¢t develop bearngs and seals to 
at n high temperatur cow ¥ and ar nvironmeats 
NUCLEAR REACTOR MATERIALS 
De weblog hone aed tat ation methods for nuctcar components such as fuel ele 
nen ntrot 
REFRACTORY MATERIALS 
«pand fy th nanufacture of refractory components for 
tiv and a power plant applications with emphasis on high tempera 
’ pow to 1y a ys and on the processing of power plant refractory materials 
vite 6 woh Cent fevelops mew principles and new products for other units of Clevite 
at The ® woh Cont vides the ideal environment for the engineer because it 
has supe with the facilt quipment and library to provide new knowledge and 
Clewt fporation. a company whos native product line in the growth 
‘ is of tror niconductor and automotive and aircraft power plants 


WRITE E A GENTRY OR CALL ULSTER | 5500 COLLECT 


CLEVITE RESEARCH CENTER 
540 East 105th Street 


Cleveland 8, Ohio 
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1Oy ised in fuel systems for jet 
engine Salary, to $10,000 a yeat 


Location, Ohio. W4837 


Metallurgist-Foreman, for manu 
facturer of specialty bronze bearing 


ind casting Technical education 
desired. Must be qualified to take 
complet charge of a nontferrou 
found: ind machine shop. Salary 

out $7600 a year Location, New 


Jersey. W4380 


Metallurgist for Operating Uranium 
Mill on Colorade Plateau 45 to 45 


th experience in extractive and 
hydrometallurgy. Knowledge of ion 
exchange principle desirable, but 
operating and ipervisory exper! 
ence in grinding, classification, and 
leaching considered more essential 
Liberal house and employe benefit 
Well established, medium ze com 
pany offering advancement as opera 
tior ‘ xpand salar $4500 to $9500 


ytal 


CHEMICAL ENGINEERS 
METALLURGICAL ENGINEERS 
CHEMISTS 


MANAGER 


NICKEL PROCESSING CORPORATION 


PROCESS 
DEVELOPMENT 
ENGINEER 


Process development program at J&L ofters 


exceptional opportunities to man interested 
in applying engineering fundamentals and 
physical chemical data to process design. The 
program involves modifications im conven 
tional steelmaking practices and development 
of new processes for production of carbon 
and alloy steels as well as production of 
other related metais. There are many chal 
lenging problems both on an engineering 
scale and in the research laboratory 
Ph. or M. S. in Chemical Engineering or 
Metallurgy is required. Salary open—to be 
based on extent of training and experience 
Send resume to 

J A Hill 

Research and Development Department 

JONES & LAUGHLIN STEEL CURPORATION 

3 Gateway Center 

Pittsburgh 30, Pennsylvania 


Location, Ohio, W4854(a) 
" 
Excellent Opportunities for Young Mé 
j 
‘ nt ‘ perat 
hte y Ch 
i Preterred ter 
fit wie era / ytior w 
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RECARB- 


THE NATURAL CARBON SOURCE 
THAT IS NEVER HARMFUL 
TO HANDLE... 


* for furnace charge or recarburization 


you just can't beat non-toxic, natural RECARB-X! 


° RECARB-X, a closely controlled product of natural Graphite, is 
made from selectively-mined graphite ore. RECARB-X is never 
y grap 


harmful to handle or use! 


* this high factor of safety, pis its tow volatility and 
freedom from harmful or unwanted elements make it the perfect choice 


for use in acid or basic open hearth and electric steel melting processes. 


° RECARB-X is a dependable recarburizer over an extremel 


wide range ... whether it be 2 points or 20 points. Results are alway 


uniform and consistent. 


* RECARB-X produces no violent 


reaction and has top resistance to oxidation. 
p 


It dissolves quickly, quietly, and easily in molten steel. 


e the aid given by RECARB-X 


in producing steel to close carbon specifications 


more than pays for its cost! 


® Packed in strong, 50-lb. sacks. Prompt delivery of all orders. 
The brilliant red bag with the USG seal identifies the genuine 
RECARB-X ... a product of one of nature's finest lubricants; 


graphite! Write today for Engineering Bulletin No. 11. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW MICHIGAN 
GRAPHITAR” © GRAMIX” sinterco metal parts © MEXICAN” crapuite prooucts © USG” peusues 


JUNE 1957, JOURNAL OF METALS—729 


— 

\ 

Y 


730 


JOURNAL 


VU? 


METALS 


JUNE 


Fred Bingman, Metallographer, prepares metallographic specimens of irra tiated materials by re- 
mote operation inside a shielded metallographic facility in the Bettis Atomic Power Division hot lab. 


tee. 
ty 


METALLURGICAL RESEARCH AND DEVELOPMENT 


An Experimental Fuel Study of 
Uranium Alloys 


At Bettis Atomic Power Division laboratories, en- 
gineers and scientists are conducting basic research 
in the field of solid state physics and metallurgy 
to determine the behavior of nuclear materials 
under actual reactor conditions. 

The experimental fuel plates shown on this page 
represent the initial step in a study of the tempera 
ture dependence of fuel materials to fission gas 
induced volume changes. ‘These plates on an uranium 
niobium alloy have been fabricated with thermo 
couples in the interior of the plates for constant 
temperature monitoring. The fuel enrichment is 
varied to provide the range of fuel temperature and 
fissioning rates of interest. ‘The samples are being 
irradiated in a high temperature-high pressure re 
circulating water system at the NRX reactor site 
of Atomic Energy of Canada, Ltd., at Chalk River, 
Canada. The experiment will provide, in addition 
to data on fuel volume changes, information on 


BETTIS ATOMIC 


A typical test array of instrumented uranium alloy fuel plates. 


neutron induced phase transformation kinetics and 
crystallographic changes. 

This experimental fuel study is part of a joint 
program between the United States Atomic nergy 
Commission and Atomic Energy of Canada, Ltd. 
Bettis Plant conducts similar tests on nuclear fuel, 
control rod, and structural materials at other sites 
throughout the United States 

One of the foremost problems that face Bettis 
metallurgists is the dimensional stability of fuel 
materials under conditions of high temperature and 
high fuel burnup. Some of the experiments in con 
nection with this problem include in-pile studies of 
phase transformation kinetics and fission gas diffu- 
sion rates. They also employ remotely operable 
X-ray and metallographic techniques in the post- 
irradiation analysis of samples of this type. 

This is only one example of the challenging work 
conducted at Bettis Atomic Power Division. To 
investigate the excellent Opportunities offered by 
the leader of the nuclear power industry, address 
your résumé to: Mr. M. J. Downey, Bettis Atomic 
Power Division, Westinghouse Electric Corporation, 
Dept. A-168, P.O. Box 1468, Pittsburgh 30, Pa. 

Also, outstanding young metallurgists should 
write today for a descriptive brochure on our unique 
doctoral fellowship program in cooperation with 
Carnegie Institute of Technology. 


POWER DIVISION 


Westinghouse 


Next month—The Research and Development of Nuclear Fuels 


A Study of Property Changes Under Radiation at Low Temperatures. 
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orelco 


PRODUCTS 

INSTRUMENTATION FOR NORELCO X-RAY ANALYTICAL INSTRUMENTS 
RESEARCH, MATERIALS 

CONTROL AND PRODUCTION With several featured operational improvements Norelco instru- 


| A new look — 


x ff 
vay Oltirection Squipment ment re now styled in distinctive grey and green quality finishes in 
Dillractometers 
y ¥ keeping with the | ht color dynamics of modern laboratory decor. 
Kray Spectrographs 
In addition, qualit nd performa » has bee 
juality and performance has been further improved 


-ray Thickness Plating Gauges 
| 


the creation of new ociited electronics which provide increa ed 


Absorption Apparatus 


ray “rystal Analysis Units 
Ihe basic diffraction unit illustrated. the fundamental an ilytical 


ray Tubes ond Rectifiers ‘ 
tool for research at 1 proce ing control, will assist in the rapid identity, 


Spinners, Pole Figure Devices vid ne tion and ce velopment of material It will detect change m- 
and A ssories 
ccesso pu ‘ vf may | dded to thereby extending re earch facilities to 
Autrometer— 24 Channel dilly tometry and spectrography. 


automatic Element Anal yrer 


X ray Custom Built Equipment 


for Special Applications 


Geiger, Proportional 


Scintillation and Flow Type 


Detectors luring process con- 


trol and product 


Electronic Circuits for 
High Speed Detectors a ment Anal 
with Pulse Height Analyzers vi saa 


Si ire infinitely 
Decade Scalers and Ratemeters 


Electronic Timers 


million and operat 
line Voltage Regulators 
is unbelievably 


Radio Compass Controls 


Electronic Testing Equipment 
Flame Photometers 
Electron Microscopes 
Electron Diffraction Equipment 
Emission Microscopes 
High Voltage Generators 


Contact Microradiographi« 
Equipment 


Gas Liquetier 
Industrial K ray Equipment 


Industrial Magnetic Particle 
Testing Equipment 


Industrial ray Fluoroscopes 


Industrial Image Intensifiers 
with Closed Circuit Television Send for detailed information 


PHILIPS 
Instruments Division 


In Canada: Scientific and Industrial Division Philips Industries Limited 
Road, Leaside, Toronto 17, Out 
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*ORDER BOOKS SO MARKED 
THROUGH AIME— 

Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible 


Extraction and Refining of the Rarer 
Metals, Institution of Mining and 
Metallurgy, 44 Portland Place, Lon- 
don W.1., England, 444 pp., $8.50, 
1957.—-This volume presents the pro 
ceedings of a symposium on extrac 


tion metallurgy of the less common 
metals, held in London in 1956. The 
proceedings include 22 papers, with 


discussion devoted to such topic 
purification by solvent extraction 
recovery and concentration of urani 


um; chlorination of wolframite, va 
nadinite and chromite; processes for 
producing pure niobium; and _ the 
manufacture of hafnium-free zirco- 
niun References accompany the 


pape! 


Molybdenum, by L. Northcott, Aca- 
demic Press Inc., 111 Fifth Ave., New 
York 3, N. Y., 222 pp $6.80, 1956 
This monograph, No. 5 in the Metal- 
lurgy of the Rarer Metals Seri is 
an up-to-date tudy of the phy ical 
metallurgy and application of mo- 
lybdenum-rich alloy with special 
emphasis given to problems involved 
in the low-oxidation resistance of 
the metal, embrittlement at low tem 
perature and joining. @ 


Dunod Metallurgical Handbook, by 
R. Cazaud, Dunod, 92 rue Bonaparte 
Paris 6°, France, in two volumes at 
approx. $1.38 each, 1957 The 66th 
edition of this handbook is augment 
ed by material on foundry and forg 
ing technique rolling mill and 
general aspects of ferrous metallurgy 
The contents are developed, unde 
general categories, into a detailed 
treatment of specific problems and 
properties of alloys and metal 


Atomic Energy Applications with 
Reference to Underdeveloped Coun- 
tries, by Bruce C. Netschert and Sam 
H. Sehurr, John Hopkin Pre 

Jaltimore 18, Md., 144 pp., $2.00 
1957.—This preliminary survey ex 
amines the technical, economic, and 
ocial problems regarding nonmili 
tary applications of atomic energ 

uggests the necessary conditions for 
iccessful utilization, and indicate 

current and planned activits in 
international cooperation for bring- 
ing the benefits of atomic energy to 
underdeveloped countrie Among 
the applications discussed are use 

of nuclear energy for power genera 
tion, heating for both residential and 
industrial purpose radiation proc- 

(Continued on page 737) 


CUSTOM BUILT 
VACUUM FURNACES 


High capacity Vacuum Furnaces 
for Stainless Steel, alloys and other 
metals. Shown at the right is a high 
speed, high-capacity pumping sys 
tem which is automatic in operation 
and is remotely controlled by a 
graphic panel. The assembly illus 
trated is for use with a 500 lb. melt 
ing and casting furnace. Other 
equipment for limited or high pro 
duction is also available, built to 
meet the individual requirement. 
KINNEY engineering offers the 
metallurgist advanced designs in 
Vacuum Degassers, Vacuum Heat 
Treating Ovens, Evaporators and 
Vacuum Testing Equipment, all fea 
turing the famous KINNEY Rotary 
Piston and Mechanical Booster 
Pumps. 


STANDARD LABORATORY 
VACUUM FURNACES 


These universal furnaces enable 
the metallurgist to investigate prob 
lems in melting, pouring, sintering 
and heat treating under vacuum 
Shown at the left is an economical 
and versatile unit featuring 7'2 
KVA Packaged Power Unit and 4 
Diffusion Pump. A second, very 
popular model, the KINNEY F-9, 
will handle up to 5 pounds of steel 
and is capable of doing all of the 
usual laboratory vacuum opera 
tions which require heating of met 
als in vacuum, except ar melting 


;KIN MEY mrs. oivision 


! 
Name 


Address 
1City 


|Company 


piHE NEW YORK AIR BRAKE COMPANY 
§3562F WASHINGTON STREET BOSTON 30 MASS 

) Kindly send me FREE copy of KINNEY Bulletins on 


High Vacuum Pumps 
| High Vacuum Systems 


Zone State 
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Typical precision castings which Austenal, Inc., Microcast Division, plans to produce 


with new Stokes Model 437-520 vacuum furnaces. 


. 
sous # 
| 
‘ 
» 


Here’s a Really New 


Vacuum Furnace 


for “all-out” production of precision castings 


Stokes precision casting furnaces—capable of melting and pouring 
single casts of up to 30 pounds, under vacuums as low as 1 micron or 
less—are custom-designed and engineered to incorporate many operat- 
ing features specially requested by precision casters. Units are in 
operation with charging and mold locks for semi-continuous production, 


This low-cost “package” unit: 


pours smoothly... has a manually-operated tilting mechanism that 
operates easily 

@ has good visibility . . . operator watches pour closely through 35-inch 
diameter shuttered sight glass 

@ is easily operated... efficiently grouped controls cut operator's 
movements. Popular tandem units are operated by one man 
can be set up for repetitive pre-determined melting and pouring 
cycles .. . interlocked, fail-safe controls permit operation by a 
normally skilled workman 

provides accurate control over pouring temperatures . . . regularity 
of heat cycles cuts gage-watching time 

@ takes up little floor space .. . measures 6/10" wide, 7°" deep 

Others are taking advantage of Stokes advanced vacuum furnace 

technology in induction and arc melting, heat-treating and sintering 

Isn't it time for you to contact Stokes for a discussion of your own 


profit-making opportunities ? 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa 
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for accurate analytic results 
use precision equipment 


Leitz DILATOMETER 


for accurate metal analysis 
netric analysis the most sen 
precise determination of 
t of metals, alloys, etc. The 
e changes in relation to its 
ve yielding data from 


yefficient may be determined 


wi } he expans 


Leitz METALLUX Microscope 


for easier, quicker metallography 
Net graphy is easier with the METALLUX ynob 


ted upright stage, inclined eyepreces que quin 


n controls 


ntrast. mater esting and photogr iphy 


Leitz RPM microscope 
for precise coal petrography 

Engineered specifically avestiga 
fr ordinary 


measure 


Mp shed by coal 


LEITZ, INC., Dept. UM-6 
468 Fourth Ave., New York 16, N.Y. 


Please send me additio information on the 


METALLUX 


© Leirz, tnc., 468 FOURTH AVENUE, NEW YORK 
of the world-tamous products of Ernst Leitz, Wetziar, Germany 


Distributors 
CAMERAS + MICROSCOPES + BINOCULARS 


Lenses 
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Books 


(Continued from page 733) 


essing, and use of radioisotopes in 
industry, agriculture, medicine, and 


general research. @ 


First Helper’s Manual, The Dolome- 
tic Refractories Assn., 1279 W. Third 
St., Cleveland 13, Ohio, 79 pp., $3.00 
1957.—This text on practical open 
hearth steelmaking, written by the 
taff of Basic Inc., contains chapters 
on the open hearth plant, the open 
hearth furnace, raw materials, basi 
process chemistry, making a heat of 
teel, and furnace maintenance. Also 
included are appendice containing 
of deoxidizers, alloying ad- 
refractories, and nonmetalli 


analyses 
ditions, 
raw materials. @ 


Engineering Enrollment in the Unit- 
ed States, ed. by Norman N. Barish, 
New York University Press, Wash- 
ington Square, New York 3, N. Y., 
226 pp., $7.50, 1957.—This volume 
presents basic statistics on enrollment 
trends in engineering education with 
uggestions concerning future qualli- 
tative and quantitative needs. In ad 
dition to sections on aeronautical, 
ceramic, chemical, geological, metal 
lurgical, and mining engineering, a 
chapter on engineering training In 
the USSR is included. @ 


The Procedure Handbook of Are 
Welding Design and Practice, The 
Lincoln Cleveland 17 
Ohio, 1300 pp., $3.00, 1957.—The 11th 
edition of this reference work ha 

been revised and modernized and in 
cludes over 1100 illustrations, pi 

tures, and chart Contents cover all 
welding from history 
ign, applications, and 


‘lectric Co 


‘ of are 

tructural de 
anufacturing cost data, and are 
ivided into eight section An al 
labetical index is also prov ided 


Proceedings of the High Tem 
perature Symposium held last 
year on the University of Cal- 
ifornia campus at Berkeley are 
available from the Public Re 
lation De pt Stanford Re- 
earch Institute Menlo Park, 
Calif., at the price of $5.00 each 
po tpaid peaker 
participated in the three major 

iscussion: meth- 
ng high tempera 
ultable for 


rature use and 


material 


urring at high 

The three-day 

which wa jointly 

the Stanford Re 

ite and the Uni 

‘alifornia Wa ut 

delegate from 

the U > and 

abroad, an Wi distinguished 

for it 

ore ii 


temperature re 


The Economics of Soviet Steel, by M 
Gardner Clark, Harvard University 
Press, Cambridge 38, Mass., 400 pp 
$7.50, 1956.—Thi four-part tudy 
almost entirely on Soviet 
ources, treats the development of 
the Russian iron and steel industry 
from 1917 to the present The see 
tions cover growth of production and 


based 


investment 
of plant 
fecting 
tivity. Appendices 
are included, 


pecialization and ize 
and equipment, factors af 
plant location and produc 
and a bibhography 


Chemical Production Flow Sheets, 
Plant Diagrams, Deutsche Gesell- 
chaft fiir chemisches Apparatewe 
en, Frankfurt am Main 7, Germany 
40 sheet approx $4.00, 1957 Thi 
et of diagrams, representing an en 
larged edition of the out-of-print set 
entitled Construction Flow Sheet 
Symbols used for Equipment, den 
onstrates the types of equipment 
which are most commonly used in 
It is particu 
criptions of 


chemical technology 
larly useful for 

chemical processes in the literature 
patent specification lectures, and 
for educational purposes, and facili 
tates an exchange of views between 


chemists and engineer 


A Study of Permanent Magnets of 
the Barium Ferrite Type, by K. J 
Sixtus, Office of Technical Service 
U.S. Dept. of Commerce, Washing 
ton 25, D. C 53 pp $1.50, 1957 
This report, sponsored by the An 
Force, contains research on improve 
ment of the magnetic properties of 
barium ferrite for use in ceramu 
permanent magnet Data are pro 
vided on making the magnets, meth 
ods and results of physical measure 
ments, and observations on theoreti 
cal aspect of magnetism in barium 
ferrite 


Corrosion Preventive Additives, two 
reports prepared by E. J. Schwoeglet 
and L. U. Berman, Office of Technical 
Services, U. S Dept of Commerce 
Washington 25, D. C., Part 2, 168 pp 
$4.25: Part 3, 65 pp $1.75: 1954 
These reports comprise two parts of 
a continuing Air Force 
develop and evaluate new corrosion 
inhibitors to replace or supplement 
petroleum sulfonate They 
tests on corrosion inhibition in mild 
teel, ball bearings in bra contain 
ers, SAE 1020 steel, and 52100 stee! 
Muntz metal bra 


project to 


discu 


Proceedings of the Porcelain Enamel 
Institute's 18th Annual Shop Prac 
tice Forum, Porcelain Enamel Insti 
tute 1145 Nineteenth St N.W 
Washington 6, D. C., 137 pp., $5.00 
1957.—-The proceedings of the three 
he ld at the Ur 
ag 


956 


day forun 
Illinoi November 
term perature 
lameling industry 

porcelain enan 


prep ipation 


namel applicatu 


MEMORANDUM: 


| From the Desk 
; of the President 


To: Purchasing 
g 


Department 


Investigate Davison's 
entry into the 
thorium and rare 
earths field. 
Stand they are pro- 


Under- 


ducing materials 
which should be of 
interest to us. 

They have a 
reputation for de- 
pendability of prod- 


ucts and service, 


Two plants, one at Pompton 
Plains, N. J. (tormerly Rare 
Earths, Inc.) and one at Balti- 
more, Md. are in operation, 
Your inquiries concerning 
products, samples and research 
and development services are 


welcome 


Progress Throug! Chemistry 


DAVISON CHEMICAL COMPANY 


Division of WR Grace & GS 


Baltimore 3, Md. and Pompton Plains, N. J. 
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New 36° contour roll lathe ean turn parts on range from .75 to 55.4 RPM. All heavy cast sece- 
re r center t with nyle point carbide tion are ductile iron. Built by Youngstown 
t r with regular roll tut rige ton peed I indry and Machine Co., Youngstown, Ohio 


Ductile iron specified for heavy castings 
in new roll turning lathe 


Poday’s machinist demands precision plus rugged ties plus superior castability and machinability. 


re ina roll turnings lathe That’s because ductile iron combines certain advan- 


en tayes of steel and gray iron. 
fo meet these demands in its new 36° contour ¥ 


model, Youngstown Foundry and Machine turned to What about ductile cast iron for your application? 


cduetile east iron for the lathe’s four major castings 
You may find ductile tron’s combination of higher 


ov the face plate ductile iron provided strength, 
ough an tance 
bougerine ind wear resistance characteristics will answer your design needs. 
kor the head trength along with 
Why not find out how ductile cast iron can im- 


grovel il 
prove your product ... save you production time 


bor the ta fool trength and toughness it and money. 
of elusteerty 
Send for your copy of “Ductile Iron: The Cast 
‘ the ca aie 4 ty and strenyt > 
f , , igh rigidity and strength lron That Can Be Bent.” It’s packed with useful 
Ductile cast iron provided these higher proper data 


ductile iron the cast iron that can be twisted and bent 


138 JOURNAL OF METALS, JUNE 1957 


— 
: 
= 


Expansion for Lithium—the Lightest Metal 

Dominion Magnesium Ltd., of Canada, has entered into the production 
f lithium at its Haley plant. Research for the U. S. Navy has shown 
that a My-12 pet Li alloy has the highest strength-weight ratio of any 
tructural material, and has an exceptional capacity for deformation 
Earlier this year, the three major U. S. lithium producers, American 
Potash & Chemical Corp., Foote Mineral Co., and Lithium Corp. of 
America, announced the formation of the American Lithium Institute 
which will direct research on an industry-wide basis and ac¢ as an 
agency for distribution of technical information. For a survey of the 


past, present, and future of lithium, see p. 766 


Zinc Industry Apprehensive, Awaits Government Action 


Closing down of the Eagle-Picher zinc mining and milling facilitie 
n the Tri-State area and “suspension” of the Commodity Credit Corp 
yarter program have brought the problems of the zine industry into 
harp focus in recent weeks. The stockpiling program, which has beer 
consuming about 15 pet of the total domestic zine production, and the 
barter program, which reportedly imports more than the entire dom 
estic consumption, have led to total zinc output which far exceeds the 
existing demand. The Government action was immediately reflected 
by a 2e drop in the East St. Louis price 
Statements by Gordon Gray, ODM Chief, have been indefinite. He 
tated that he expected government purchases for the stockpile to con 
tinue, at least for a while. This neither confirms or denies the earliet 
tatement by an Assistant Secretary of the Interior, that stockpiling 
of the metal would cease “in a matter of month 

The barter program, whereby surplus farm commodities are traded 
abroad for foreign metals, is apparently in for thorough going-over, a 
both its political and economic effects have been under fire. St. Joseph 
Lead Co, has announced that it stands ready to stockpile its own pro 
duction if Federal programs are not resumed 

Meanwhile, Congressmen from the mining areas are calling for 
overnmental action for rehef of both the lead and zine industrie 
Other voices were heard in Congre largely from budyvet-minded 
Congressmen—demandiny that the ODM be abandoned and _ its 
luties be taken over by the Defense Dept., on a much reduced scale 
The market remains quiet, as both producer and consumer await 


further Government action 


Vacuum Technology: Key to Reactive Metal Production 
Production of high-purity vacuum melted metals will receive a bip 
boost when Vacuum Metals Corp., a division of Crucible Steel, com 


pletes a $1.5 million expansion program, Three-thousand pound ingots 


will be produced in a new vacuum induction furnace expected to be 


the nation largest. Already ir operation the new vacuum technology 
building of Electro Metallurgical Co. in Niagara Fall N. Y.. house 
i variety of special experimental and pilot-scale furnace vacuum 
ce equipment ippile contro ind auxillat instru 
mentation, Latest technical developments in this field, from the Lo 
Anveles AIME Reactive Metals Conference. will appear in the July 3 
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AJAX-JUNKER 


induction 
melting 


® A cylindrical induction coil supplied with ordinary 60 cycle current in 
duces heat and vigorous electromagnetic stirring in the molten metal 
charge 


Integrated electric controls regulate power, maintain high power factor 
automatically 


Monolithic refractory linings are made by ramming against the sturdy 
water-cooled coil held in a rigid frame of magnetic and structural steel 


This new principle was perfected in Europe over the last seven years. Over 
100 Junker furnaces are now in use. AJAX-JUNKER designs are based on 
latest experience, using American components and practices throughout 


Outstanding results are proven in these fields 
DUCTILE and ALLOY IRON CASTINGS 
RECOVERY OF IRON TURNINGS 
RECOVERY OF ALUMINUM SCRAP 


Available sizes range from | to 10 tons, with normal melting cycles from 
2 to 4 hours. Power ratings are 200 kw through 1500 kw 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


Associated Companes Ajax Electrothermic Corporation Ajax Electric Company 
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anew 
in 
\ 
lee 
At tt VAN 
bilities of this New Method 
with You? 


i istanc 
How composition affects corrosion resis | 


(orrewon Properties of 


lucomum ond Orher Metals 


WHAT’S NEW ON ZIRCONIUM? 


This U.S.1. booklet gives you information 
you can use... Send fora copy! 


With zirconium production trending 


upward, and price downward, interest 


Today 
harply 
inthis new and unique metal is growing rapidly. 
To answer your questions about zirconium 
and its relative, hafnium, U.S.I. ha prepared 
an informative new booklet “ZIRCONIUM 
and HAFNIUM.” The booklet gives the impor 
tant facts on these newly available metal! 
lists important mechanical and physical prop 
erties of both... briefly the new 
emi-continuous sodium reduction process tor 
ion of zirconium and hafnium. 


describe 


prod i 


You'll find the outstanding corrosion proper 


U.S Jnoustriar CHEMICALS CO. 


99 Park Ave, New York Y 
Branches in principal cities 


Please send me a copy of “ZIRCONIUM and HAFNIUM” 


ties of zirconiun compared i other 
tant metal ... pha 


tem de 


allo cription everal fabri 


cation technique 
You're sure to find “ZIR- 
CONIUM HAKNIUM” 


valuable It and 


and 
i 
as a preliminary reference. 
vard the 


t send 


kor your COPY for 
coupon toda or ju 
com 


Vour name on 


pan letterhead 
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VACUUM MELTING 


breaking the barriers 
ovide these 
with Utica Vacuum Metals 


ne routine, today challenge lie e High temperature 
thermal barrier corrosion resistance 
lnere 
uperalloy 
eo 
veloped 
limet 500 
f 


Precis 
e Longer stre 


rane Increased ter 
* range 


000 PSI 


e Ketter fatigue 
e (ureater yield 


and Uperanoys, e Csreater impact resis 


f 
Or al e creep propert 


METALS KELSEY-HAYES 


EY -HAYE 


METALS. JUNE 1957 


ee 
Now that supersonie thisht has beeo 
ile elope net mee al ¢ 
| e thetul hus alread len 
Utica, ha elded such super ref ror 
life 
iclean, pure alloy combining unsurpa 
iperior high tensile trenytt nthe 1200° F to LS00 reng 
f Soo} etrenath of over 100.000 HT resistance 
| rength 
Utica specializes in upgrading the i 
ul A rORGE & TOOT ivViSton ~ CO UTICA 4. NEW YORK 
JOURNAL OF 


Aims and Objectives— 


EDITORIAL 


The Metallurgical Society of AIME 


HE ba rei creating a Metallury 
Society within the framework of the Amer 
Institu Metallurgical, and Petroleum 

vi provide a complete organi 


for 


t covering the handling of meta 
from ore out the ground to the finished article de 
ivered to the custome! 


Metallurs 


assistance 1 the pi ional development ot 


Also. the society can be of 


metallurg) This advancement or development 


fe ional abilit will tallize when all men 


Society utily the Society for poolin 
idual ta towards the discove! 
for metal ind improvement in 
could be of mea 
current problen ! 
industry served by our siste 
Mining Engineers of AIME 
ansion thu 
ind further vement 
Phe 
soc Tet a 
iMvancement 


id mcement 


Functional and 
commodity under the Extractive Metal 
Division al Electrolytic Extractive Pros 

‘ Hydrometallurgy; Physical Chemistry of Ex 
tractive Metallurs Pyrometallury 
Refining of Copper and Nickel, Lead and Zine 
and Tita 


wal Chemist Steelmaking 


comn 


Reduction and 

Aluminum and Maznesium,; Refractorie 

nium, Uranium, and Uncommon Metal 
thie Metall 

ovic tanding committee 

Officers and Directors, that 


Socrety an en 


could 1] of the Somety, and not 
confhet at are better handled within 
committee are the Com 

Metallurgical Profession 

Finance Committee, and the Admi 


Othe 


Education 


tanding committee uch a 
‘ommittee and the Publications Com 


conjunetion with them Division 


new Somety will 
thre pore entation and 


echnical papet The range 


results of fundamental re 
research result rm 

ind papers on edu 

These should be of in 
the member of the 


to member of the 


the Metallurgical 
hould provide 
mization that would 
ll metallurypist but 
and diversification a 
example of pending 
tudying out 
It may be that, as the 


nd need to expand the 


committer 


idd additional divisions to 


established a foundation 
ccomplish its fundamental 
organization for metal 
yp of metal trom ore out 


le delivered to the 


2. Rtanear. 


President, Metallurgical Society of AIME 
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the Programs ¢ 
rmittes 
counterpart 
\ pecified in the Byl 
of papers will include the > 
(mum oof the metallurgical profession as a earch, the application of 
vhole by providing a medium for communication low Ol mipostum-ty pe 
nd cooperation amor those interested in al phase cation and prote honall ss 
of theoretical and apple to pro ide ut estimable not ont 
organization te epresent the metallurgist ind Metallu Cu 
metallurgi engineers on matte pertain to other Societies of AIMI 7 
education to disseminate metallurgical Knowledpe In the original planning 
by the holding of prote nal meet ind to 4 was felt that the 
ide tandara the prote ion of metatiurs i framework for an active ¢ 
cal engineer not onl meet the needs 
It is felt that these aims and objectives can wel vould also provide ft rowt 
be accomplished b the Societ which is formed of! thie yoOciet propre ed. A : 
the three division of the ld Meta Branch. These chat ‘ nov nave “a 
livisior ive the Institute of Metals Division, Iror overall publications pol * 
Div or number of committees 
In order to allow a comprehensive study of the Societ a 
ill aspect of the metallurgical prote on, bot In any event, we have ; 
functional and commodity committe have beet! et that wil 
ij ice eact the divisior the Institute to pre de a comple 
f Metals D ior ch functional committees exist j ts « ering the hane 
High-Temperature Alle Met; ence N of the ound to the finished iii 
‘ Metallu and Powde Metallurgy istorne 
the Ire nd Stee hor the functional commiut 
Mate Converte ter Rlectric Furnace 


verted inte equences of numbers | 


mop per econmed 


(rene 


propose 


numbers as a 


They send real voices on imaginary journeys 


JOURNAL 


OF 


METALS 


orm ol ‘ 
wal 


dew tee oune 


wy le 
thre esearchers 
electron 
no matter baw 


obtamed without 


followed by 


erted 


hye researchers set 
\ctual 


ol numbers sampling 


the computer yore waves are con 


inte a 
waves times 


per second Numbers and program are then feck inte the 


tleulations and “writes out 


Thi 


| istenet 


computer which the « 


inew of numbers 


hack 


well the non-existent device could transmit a 


new seep 


verted mite real ~peech hear exactl 


real 


With this novel technique 
~creened in only 
Bell 


service Lot 


new transmission are 


a fraction of the time formerly required 


inal ~ it it¢ ed itt 


Laboratories’ constant search to porns till 


tele customers 


BELL TELEPHONE LABORATORIES A 
World cer 


JUNE 


er of communtcation earch and rue pment 


2 
4 * A 
Hell Laboratori Hey S ky on periodic sampling of amplitudes 
examone Seal purpese elects omputel 
" esearch wa con acto oon these hit 
their quest for better telephone service Rell Labora 
researchers tnust ¢ many new devices proposed 
for the transmission of speech signals. Bor « 
can be made to transmit speech in th 
But researchers must always answer the 
te the listens 
voice, 
costly apparatus to find out 
ole it the i hi 
complicated itmay be The > 
tikding any apparatus at all 


HYDROMETALLURGY 1997 


Tue 1957 Annual Meeting provided the time and 


place for the Hydrometallurgy Committee's annual 
ession New developments in the field and the 
trong physical-chemical tenor of the meetings justi 
fies a brief review of the current status of this field 
of extractive metallurgy 

Hydrometallurgical processes over the years have 
been largely liquid-solid reactions involving selec 
tive dissolution and selective precipitation of speci 
tied metallic element Some of the most critical 
problems encountered have been the unit operation 


variety, for example 


a) Commuinution 
Agitation 
olid 


Clarification 


e¢paration 


Liquid 


During the current mid-century, the advent ol 
new and iperior material of construction ha 
encouraged an adventure into more rigorous treat 
ment processe High temperature and/or high 
pre ire techniques applied to dissolution chemist 
have led to an unrivaled competition between the 
concept of a near universal solvent for raw mate 
rials versus a near insoluble material for containe 


In 


these ten the role of hydrogen and o ‘ 
has been expanded for precipitation a well 
olubilization 

The investigation and application of new processe 
has also helped in iving of unit ope tion prot 
lem The eparation of iq nd nad sé | i ] 
thickening, filtering ind clarification can be mir 
mized by ise of lon exe h il e tech jlif erm le ! 
olid resins or immiscible liquid phase In these 
processt an aqueou ily iften can have the ‘ 


lected metallic ion extracted without a complete 
liquid-solid separation 
New process¢ like new ideas are not a panacea 
nor are they always economically desirable "The 
eparation of rare earth metals, of hafnium from zi 
conium, and the recovery of uranium can tolerate 
more exotic treatment than the more mundane metal 
In order to apply, develop, and control processe 
n this new ape, it became nece il to develop ua 
theoretical tool to ide the operator before he 
either erected a new proce ing plant or reyected the 
more prosaic proce ‘ At thi lipe ome of the 
physical chemists have become the design engineer 
ofa new hydrometaliurg A re-examination of the 
hermoadynhamic md Kinetic of the metallurpiecal 
Oct ‘ ha pened the wa for innovation and 
econon the watchwords of modern engineerin 
bre ine tems at elevated temperature have 
nade it possible more completely to bridge the pay 
between aqueou metailut and fusion metallury 
It permit thermodynamic and kinets to 
e obtained u yueou tet hich are kineti 
call infa ble at ambient temperature It ha 
fled the be ! point of wate tow point where ‘ 
ive n eflect inew mediun It has increased the 
ibilit of inf i pec to an extent that the 
inte eactior vith i ing tehed ! 
‘ ou queou ler We i ed it 
‘ vhere Kinet nece to cle ! 
eoretica thought 
] the pape to fe A in attempt has been made 
to blend af ! nad the the purpose of 
timulati u nt ar ! pperator ind theorist 
Ke H (,ordor Por (‘ha Huydrometal 
ju Com ttwe 
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HY DROMETALLURGY 


Atmospheric vs Pressure Leaching 


of Uranium Ores 


Pilot plant studies reveal that high temperature, high pres- 
sure leaching of uranium ores in alkaline solutions cuts leach 
time 90 to 95 pct. Leach times may be cut in half by using 
existing Pachuca tank equipment at moderate temperatures 
and pressures. 


Va UO(CO,) 


Chemistry of Alkaline Leaching 


R G BEVERLY and W A MILLSAP are Acid Plant Superimten 
dent and Metallurgical Engineer respectively, National Lead Co 
Grand Junction Pilot Plant A W GRIFFITH. tormerly Acid Plant 
Supermtendent, National Lead (¢ Grand Junction Pilot Plant. is 
assocrated with Federal Uranuum Corp Paper presented at 
AIME Annual Meeting, New Orleans February 1957 
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= 
, + 
: 
d 
by I< (5 Beverly, A W Griffith, and W A Millsap 
Junet Pilot Plant, operated | HO ~ 2 NaOH 
}NaQH +Na UO 2HO 
i 
f ores. Test worl pe VaOH + NaHCO, + NaCo, + HO [4 
eal the offoat ceveral on Va CO Na UO (CO,) HO 
‘ ‘ il ! [4a 
i stole ! ! est ite ry thie CaSO VaCoO CaCO 
ty ‘ the 1s QO 16 Na i4Ho 
‘ j ‘ ‘ ! i ‘ ‘ } ‘ 
NaSO 16 NaHCO [6 | 
¢ Phe result f these test () va CO HO Va SiO 2NaHCO, 
rhe t reaction } wa the lation of uraniu 
‘ juad nt to hexavalent. Reaction 2 repre 
ents the ition f uraniu the carbonate 
+} } ence of br ‘ el 
‘ stead fue th ve | filtration and 
reacts nd the d it ofu im oi 
then precipitated chemical 
() » DING) 11 int thie ‘ ilt NaHCO } } 
isefu ‘ the proce Ihe ilfate on 
fetrimental effect nad ‘ h tests made 
ilfat oncentrat } } 100 


favored by 
filtration 


action (Eq. 7), which 1 
above 250 F, may decrease 
upon cooling may precipitate 


in pilot plant 


temperature 
rates, and the silic 
and occlude some uranium. However, 
autoclave leaching operations, this has not happened, 


[2 Filtration rates on 


even at temperatures of 275 f 
residues from high temperature leaching have been 
omewhat lower than those from leach test at 
180 F. Although the lowe! 
filterability has not been established, the formation 


exact reason for the 


probably contributory 


of silicate 


Alkaline Leach—Filtration Pilot Plant 


Alkaline Leach—Filtration 
l and has been described 


The flowsheet of the 
Pilot Plant is shown in Fig 
in detail in other report 

The ore, after being crushed to $/16-in., is fed 

x 5-ft ball mill operating in closed circuit with 
Recycled mull 
The classifier overflow 


an 18-in. rake classifiet olution 1 


used for grinding solution 
pumped to a 12 x 8-ft thickener to thicken the 


to the 


pulp and to maintain a constant pulp density 
leach circuit 

Pachuca Tanks: The leach circuit consist 
four 4 x 47-ft Pachuca tanks in series or a 4.5 x 12 
Pachucas provide a leach 


of either 


ft autoclave The four 
contact time of 96 hr with a 50 pet solid lurry at 
a feed rate of 12 tons of ore per day. Each Pachuca 
a 3-in. internal air lift for pulp circulation, two 
in. pipes in the cone for adding aeration air, and 
four l-in. steam pipes to maintain desired pulp tem- 
perature The vessels are insulated with 1-in 
Fibergla and a upated aluminum covet The 
45-ft elevation to the discharge level provides a 
pre ure of approximately 30 psig in the bottom of 
the tank when filled with a 50 pet solids pulp. Al 
though the Pachucas are usually operated at atmo 
pheric pressure on top, the installation of a pressure 
regulating valve on the top of each tank ha pel 
operating under pre ire | 2 
top, which results in a pressure at the 
bottom. The Pachucas are shown in Fig 
Autoclave: When the autoclave is in operation, it 
Pulp is heated 
Retention 
approximately 6.5 hr at 50 


replaces the Pachucas in the circuit 
by steam in a double pipe heat exchange 


the lave } 


CIPITATION 6 


on 
ARBONATION 


Fig |—Flow sheet of the alka 
line leach filtration 
used at the Grand Junction 
Pilot Plant Either Pachuca 
tanks or the autoclave may be 


used, al! other factors remain 


process 


ing constant 


maintained at the desired 


pet solid The pulp 1 
controlled 


leaching temperature by 
electrical strip heaters fastened to the bottom of the 
the insulation 


automatically 


autoclave between the shell and 
However, only a small amount of heat 1 
for this purpose. The autoclave is shown in Fig. 3 

The horizontal autoclave is 4'2 ft. in diameter, 12 
ft long, with 1'2-ft dished heads, and ts divided into 
by double baffle plates. Each section 
turbine-type 


required 


three section 
agitated with 
equipped with a 5-blade 16-in 
of the vessel is approximately 1200 gallon Air hs 
added through a ‘®-in. line discharging beneath 
each agitator. The quantity of al 
lated by an automatic control valve. A 
reducing valve controls the pressure in the auto 
clave. Pulp is discharged by the internal pressure 
through an intermittently operated plug valve. The 
discharge valve is operated automatically by a pulp 
level control and is open approximately | min at 


a 5 hp agitator 


turbine. Capacity 


Input is regu 
spring-loaded 


20-min intervals. Temperature and pressure losse 
in the discharge line between the autoclave and the 
top of a Pachuca which ts used as a surge ve sel 
dissipate enough heat and pressure so that very little 
flushing of steam takes place at the di charge. A 
yet, no attempt has been made to utilize the heat in 
the discharging pulp for 
interesting to note that the Canadians at 


preheating the incoming 


pulp, Iti 
the Beaverlodge mill estimate a 
costs of $0.20 per ton by this method of heat recoy 


avings in heating 
ery from autoclave leach pulp 

The leached pulp is discharged from the Pachuca 
or autoclave to the first of three 4 x 8-ft cloth 
operating in seri 
Provisions are made to add filtering aids to the pulp 
feed for each filter. The filtrate from the first filter 

pregnant liquor containing the 


covered vacuum drum filter 


olubilized urani 
pumped through a plate and 
then to the pre 


um. This liquor 1 
frame clarification pre and 
cipitation tank. The solids residue is washed on 
the second and third filter 
The repulp solution and wash to the 
barren filtrate from the regeneration tank The 
olids fed to the third filter are repulped and washed 
with water. Filtrate 
turned to the grinding circuit, and filtrate from the 


third filter is used us wash on the first filter 


and is pumped to tailing 
econd filter 1 


from the second filter 1 re 
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Fig. 2—‘left) Pachuca leach tanks used in the pilot plant 
is 45 ft from the bottom of the tank to the pulp overflow line 
provides air for the 3 in air lift. Inside 


and a on tome 
diameter us 4 ft 


Fig. 3—/‘above) Pilot plant 1200 gal autoclave Measuring 
over 12 ft long, the unit is provided with three 5 hp 230 rpm 


mechanical agitators Inside diameter is 4'2 ft and it is 


filled to a level of 3'» ft 


aching 
Leach Contact Time: ‘The 


nition tin 
ndent of oxidation 
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xtraction 


tion and 
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leaching tak 


the fit Lor, rie zhi 
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Leach Temperature: 


e and Pachuca leachu ind the relation 
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the comparison 


and pore 


tudu 


Table |. Autoclave Leach Studies on La Sal Ore’ 


teach enditions? 
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K MnO , Higher pressure nerease the tudies conducted on La Sal ore 
: onceentratior we ust ntamed 
40 to OO mii LO te 
te st i be adequate to 
i constant and thoroughly fluid re 
‘ noof oxidaty iv throughout the pulp is also | 
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the uranium particles with the leach solution. Grind MM rr—“t;(‘C‘;COS 
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part ALLL) est | the ‘ lial controlled mn traction and contact time Phese were 
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addition between and 
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hown in 
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temperatut i! \s in 
yren yo ine) vith 
olution rate ripe 
h enough to 


mecreased 
the 


tine 


auto 
pore and 
rature How 
temperature how 


oxygen solubility impairment 


Sodium Carbonate and Bicarbonate Concentration 
Reagent olution 
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higher in carbonate 
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appreciable improvement. 
ture (0 270 t0 27) 
but higher air rat at tl 
a4 significant improvement 
phandar 
td clm per ton Ol 
contains approximately 81 pet CaCO a : 
treated wu the lot plant 7 
ary 
the 
In pe 
ral nically 1 
in the reduced vail 
without oxidat he ; 
by chemical mean isually KMnQO, in alkaline sii 
tion or DY alr, a was done in ail test n the pilot eli 
plant. At a pre ire of 30 psig, the partial pressure di 7 
and solubility of ox en is 3 eve 
— 
timum quantity of alr which no ben 
efit n extraction will be realized : 
Duri the autoclave the lowest extrac 
tion (92 to 94 pet) were obtained at a pre ire of : 
10 y even though the temperature was increased 
to 250 F and the air wa also increased , ; 
pre ire wa aised to 50 psi ind the a 
rature to 250°F, extraction increased to ove that leve 
tratio 
96 pet. Highe tj ites at these conditior ave no ration i 
will be re 4 
lth: 
ore 
ing : 
Ore head iy, pet Ue ; 
T pre 2 
Temperature, 7 223 222 
4 te aft ‘ 
4 fue tre 009 ‘ 
‘ ; 79 a 
‘ 
i! 
G t t} 


no moving part rounding the air bubbles is reduced in thickness by 


igned mechanical agiti horough agitation which increases the ma trans- 
ing. Where mechani fer coefficient of oxygen through the and into 
reak down particle size ution r oxidation effect of the air is also 
le tendency to do so through complete mixing, the al 
which efficiently mixes the pulp will is retain in the pulp a longer time and bubbles of 
bubbles. thus increasing the al rise immediately to the surface from their 
contact area. The liquid film sur charge into the pulp 
Some comparisons of leaching in Pachucas and in 
conventional mechanically agitated leach tanks in- 
dicate contact time is reduced appreciably by more 
thorough agitation but more investigative work 
needs to be done 
Fineness of Grind: Carbonate liquors do not tend 
to dissolve interstitial material and it Is necessary 
to grind to the grain size of the ore to permit con- 
ff the uranium particles with carbonate solu- 
tion. Pilot plant grinding, which reduces the ore 
to 2 pet $5-mesh and 70 pet —200-mesh material, 
has been adequate for high uranium extraction 
Pulp Density: Degree of agitation is related to 
pulp density. If pi sities are too high to per- 
iit adequate mixing, extraction will suffer. When 
ition, such as air lifts in the Pachuca 
yreater than 50 pet solids can reduce 
ms, other factor uch as temperature and 
contact time being equal. An example of this Is one 
test made in the Pachuca tanks on Rio de Oro ore 
At pet solids, extraction was 95.4 pct in 60 hi 
ime and 96.5 in 100 hr. When leaching at 59 pet 


extractions were 94.7 pet in 60 hr and 95.4 


Fig 5-—Contact time 
vs. temperature and 
pressure for two 


ores 


100 hr, showing approximately a 1 pet lower 
or 0.05 Ib U.O. per ton 


Autoclave Corrosion 


The Canadians at the Beaverlodge mill have ex- 
perienced a pitting type rrosion at the froth or 
Fig 6—Effect of plash line in the autor lave, and little or no corro- 
temperature and ion has been observed elsewhere. The attack 1 
pressure, autoclave attributed 1 high sulfide content of the ore and 
studies on La Sal ak »} autoclaves near the head of the 
ates leach ¢1 i he reaction is thought to be from 
acid which is formed from the 
which «plashes on the wall 
iluted by condensed water vapor. The solution 
near this froth area is changed from alkaline to 
wid 
\ clad belt of low carbon, type 316, stainle tee! 
im the rea of the p level could minimize thi 
corrosion problem ‘ossibilities of electrolytic cor- 
Fig. 7—Effect of avr rosion are also being investigated in Canada 
addition at 50 psig, National Lead Co.'s autoclave has been in operat 
autoclave studies on ing Tvl $4 months during which 1400 tons of ore 
Le Sel ove \ leached. A recent inspection showed no 
rrosion at or below the pulp level. Above 
vel there were several deposits of hard 
material, When these deposit were 
there were indication pitting corro 
ome but not all of the ‘DOS! The 
the pits were mall or shallow that 
were not measured was noted during the 
inspection that the deposits were acidic, testing in 
the range o o 6 with litmus paper. Sulfide 
content o ores treated in the pilot plant ha 
been considerably le than those treated in auto- 
Fig 8—Pachuca 
leach studies on La 
Sal ore Numbers on Utility Costs 
plots refer to air 
addition, in std cu A summary of average 


clay it Beaverlodge 


tt per min per own in Table III along 


Pachuca of tl ist of steam and 
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for Pachuca tanks operated with and without pre a . 
ire applied on toy rhe leaching conditior hown : 
Steam consumption in the Pachucas was almost lave 
twice that for the autoclave, 800 to 820 Ib per ton 
compared with 430 lb. Theoretical heat balances did Ore, t ‘ i 74 le 
la ht ‘ 2 ‘ 
not corroborate the pilot plant f ire for the Pa 
chuca due to nigh heat Oss¢ from the Pachuca 
and the quantit of heat expelled in the form ot ‘ ‘ a aD : 
wate Vapor in the al leaving the top of the 20 - 
“2 
Pachuca 
It is estimated that heat losse from the Pachue Per Ton 
er 1000 Ib. $ “4 tie ‘ ; 
que to radiatior ind convection may be i nign a tof t 2 per K O17 
pet of the tota neat imput The radiation area ‘ 
‘ i i d 
r irs¢ ve | Kimatel » times) con 
pared to commercia e tant In commercial n 0 44 
a la ‘ ammount of the heat in the pulp leavu the 
each circuit erated it elevated temperature 
vould be re ered both for reasons of heat econom not under pre ure has a lim 
ind te prevent exce ‘ flashing if tean The n temperature, An autoclas 
team consumptions at the bottom of Table II ar inge of operating temperat ; 
calculated on the ba if ‘ of heat from leachin condition can be 
exit 250 the itoclave ind 220 the Pilot lant test isin thie 
pre inized Pachu lown to a temperature ofl ire have not been extensive 
150 F. Further cooln is not desirable a t would result ndicating the advant q 
he detrimental to filtration. Were the heat recover mall pre ire on toy istif 2 
equipment in nthe int team consumi nvestment ove Pachuca 
tier by caleulatior ibe BOO by we ton fe thie tmeo phe pote lilt Actu 
Pachuca pe ton f pre iized Pachuca ehuca will probabl ber 
and 21% tor thie iutoclave At a omewhat heavie polity 
of £080 ner 1000 Ii n pilot plant construction, fewer Pachucas will be 
cont a) ate $0.47 we tor f ore As a result of the recent interest in alkaline leach 
could thus be en ed } ope tion of the autoe!] ‘ ! of ore from the Ambre i Lake area of New 
ind $0.11 1 thy ‘ ed Pachuca The et | Mi eo and the ippheabiht of the proce to hivh : 
each ‘ hout } rye tor fo }? chuca foward furthe ‘ ation of thre 
Ib pe f mre ed Pachue nd OOO te cussed 
50 Ib me ter itec] ‘ 
Powe equirements in the autoclave ur con 
1? 
mre na ive hye than tor the |! ict Jat lead ¢ 
chuca V1 t ry the iten of course ‘ ‘ «ed tion the t exe ‘ ere ve 
th ough corms ed to the Pa it Although ! the ere 
re the iit te 
ttempt ! been t de letermine if the tation 
n the autoclave ! eat exce t felt the a 
tat with tot of ] connected horsepowe 
ild be ied te fe ‘ el of two. three time 
the size of the existir re vhich has a capacity of ; 
1200 | 
Assumin ) that the previously mentioned mil as : 
‘ 
tear Cor il tion f ine ine enusonabl 2) that R G Bew ‘ ! 
t Ore re 
thie equ ement thie piiot nt Pa 1 He WIN 
ehuca cable te ;commercial nad 
that 40 pet f the lant sutoclave are 
‘ 154 
( ive ther it t ( I trie ‘ A He t Aceon 
ibout $0.10 pe ton than f j }? iG 
enue md SU.25 pe ton cheape than f rachnu 
operated at att horic re ‘ 
‘ j 
elect the best leact! ‘ ‘ thie { re 
j 
ich as tvpe of e to be treated. capit ‘ . P 
fenance equirement re ‘ t cor it 
ndli ‘ W here thie ‘ cr tirne 
best extract n the Pachue has varied from 4 , _ . 
120 } ht i} etent nm time mn the autoe 
has hee lequate ‘ treated Pachue 
75) 
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Ammonium Carbonate 


Pressure Leaching of Uranium Ores 


By B. G Langston, R. D Macdonald, and F. M. Stephens, Jr 


the leaching step to minimize the loss of 


W Pidi the levelopment of uranium ore tha itilized in 
tiait ibstantial amounts of acid-consun iummonia and carbon dioxide. In addition, to obtain 


xtraction of the uranium from many of 


7 the } e leach has become an iximum ¢ 

‘ thed | extraction. Considerable the es, which contain both quadrivalent and hex- 
k he eon ad both atmospheric and ivalent uranium, pressure facilitates oxidation to 

‘ ehu th aqueou olutions of sodiur the read oluble hexavalent state in the presence 

ite ! boi bonate as the lis f free ox en. Although potassium permanganate 

; the treatm f ira i bearu in effective oxidizing agent in the ammonium Car- 

| thie } } ‘ (C'aQ)) thie nate pre ure leach, air is equally effective and 


‘ he } ‘ ent col on if Rquation 2 of interest because ammonium bi 
he re ivic acid wit re carbonate not required in an ammonium carbon- 
t} bole t? odiut ite leach, a odium bicarbonate in a sodium car 
| te re bole ws pared with th ‘ ite leact The formation of free ammonium hy- 
‘ hie l-leuet ter odiut Vithin the concentration obtained in thi 


o adverse effect on the dissolution of 


f wtive f ecor eu hen treatu Phe ecipitation of the uranium from the preg- 

os th hou ilf Ificle int bution Equation 3, involve passing steam 
} } rn j te ‘ hot through the olution, heating it to approximately 

hee | 1} { carbonate can be re ed 12°] nd servir is a Sweeping gas to aid in the 


Air can 


a ibstitute for steam as a sweep 


dioxide 


carbon 


and 


thie ore Hut resulti from the re seri of five pressure-leaching towers 10 ft 


of of sodiu earl ite th ( vould be hich with an inside diameter of 4 in. were fabricated 
ted It Nal believed that tear tripplr tudy of the proce variable Fig. lisa photo- 

thie inn ' ite teach solutions to pre iph of the towers and the countercurrent washing 
baat thie thie ind precipitation tower that was added later to 

I © the proce in advantaye over the Ter ve an integrated plant for evaluation of the unit 


the extraction and re 


required for both 


I 2 is a flowsheet of the proce as visualized 

Chemistry of the Process for a pilot-plant operating at a feed rate of 12 tons 
if it per hour. Although other modifications of the flow- 
heet might be employed, for the purpose of demon- 
trating an integrated system, one utilizing a dry 


rind hown 


9(NH.).CO. 4 UO. 4 1/20. 4 9H.O Development of the Leaching Conditions 


(NTE) (OH) [1] lo determine the amenability of high-lime ores 


extraction of uranium temperature, pressure, 

(NH,)UO.(CO,) heat -- 4NH,(vas) trength of solution, and the amount of oxidation 
CO (gas) HOCppt) 13] equired to convert the quadrivalent uranium to 


the hexavalent state were considered 


pheric pre Nine different ores were studied either by small- 
iat arbonate decomposes at 212°F. on 
' ‘ | aw F, pre ire 1 cale testing or by operation of the pressure leaching 
towers, but the major emphasis was placed on three 


B G LANGSTON, R D MacDONALD, F M STEPHENS JR are 
Assistant Division Chief, Extractive Metallurgy Division, Assistant 


if the ore that contained varying amounts of lime 
(CaO). Table I gives the chemical analysis of these 


Chiet, Minerals Beneficration Division, and Division Chief, Extractive 


Metallurgy Division, respectively, at Battelle Memorial Institute three ore 

Columbus, Ohio Paper presented at AIME Annual Meeting, New fecause over 85 pet of the uranium was present 
9° 

Orleans, February 1957 mn the 200-mesh fraction when the ore was 
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out 
leach, however, dos 0 eld as high an 
‘ j with ‘ pect ter thre con 
bee plied to precipitate the f 


Bo 
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ving 
perature 
arative data a tk 


lution uranium 


uranium 

a retention 
obtained and 
effect on the 
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f dissolution 


tare belheved 
Fig. |—Integrated plant for the extraction and recovery of 


uranium by the ammonium carbonate pressure leach process f uranium, it l 
curve vari with 
a 100 nineralogical 
» show 
ores run 
| towel! 
Oxidation with air and oxygen enriched ; 


Temperature: e run to determine the amount « 


towel! at ten y and al A tem 


aried from 


f air required to 


HOOD range, the 


I had no 

the urani 

Intained ! rom the tower 
how ) even at the 
Nil concluded 

Vil ufficrent 
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ure of Ox’ 

oxidation 
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Fig 2 Process flowsheet for ammonium carbonate leach pilot plant 
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iF j 2 tne te ture va creased from 1@@ to 250°F 
= me Pressure \ ‘ of test Wil 
= - ‘ ed, pre ire doe affect the rate 
th 
te 
Wa 
arbitrarily, based on preliminary test run in a per liter 
cu 
el 
mi 
Fi 
the 
be 
Ni 
le 
ma 
each case about 93 pet was extracted. However, a a test was run with oxygen enriched air. = ¥. 


Fig. 3—(upper left) The effect of temperature and time on 


the extraction of uranium 
Fig 4——(above) The effect of pressure and time on the ex 


traction of uranium 


left) A comparison of the performance of three ores 


Fig 5 
in the ammonium carbonate pressure leaching towers 


tested 


Concentration of Ammonium Carbonate and Am 


Precipitation of Uranium From the 
Ammonium Carbonate Leach Solutions 


Table |. Chemical Analysis of the Ores 


754~ JOURNAL OF METALS, JUNE 1957 


> 
emoerature 
essure 
‘oe 
‘ 
> > 
|! 

: ntent of the a Was O hed to 40 pet, but add te required to prevent the build up of hydroxy! 
eouthye thie te final extraction fu riiuerr \ the solution had a marked effect on the te of disso 
‘ ine erate tha ‘ i vith it f the uraniut ind the maximum extraction 

pet © ht have eal thie | ‘ imple extraction increased m 7 » to 

j it extract im the et oe et in 751 when concentration of ammonia Wa 

! eal vill erie ! ‘ trom if to 46.2 poe The 
fourth tudy of « lation did not appe to be hanve boosted extraction from 86 to 93 pct after 
vial ted the had passed through all the towet 

; eee These data, however, do not indicate any definite 
elect of the effect of the ammonium bicarbonate concentration 
concentrat ! i enurbonate md amt nthe d olution of uraniun In both test repre 

i ! trie | i! j ented t inve A ind analyse howed that 

‘ i ‘ fte lowe the solution contained no ammoniun 
the lenel ition f eucl ‘ bic be té 
! ‘ ‘ cu | feftermiune vhethes tabilization of ammoniun 
ty ture 7 f uraniun the test epresented Curve B 

‘ (NHNHCO hict lene epeated with the addition of 475 u em CO 

water | bl ints of ammeoniur per min. | 7 and 8 show that despite addition 
ite t becare fecuarbon d le to the ter thie ate of dissolu 
this widition ¢ thie ‘ | thre ction & nlv equal to that obtained in Curve A 

‘ ‘ aa int f the compound These lata how that the ise f carbon dioxide 
} ‘ the dat od f ‘ f test vould permit the ise f weauke olutior but the 
‘ | ! inf ¢ ten to have no advantage vhere the 
i if ri othve ‘ ‘ if ! j recovered DY tean tripping 

‘ tithe { oni nea 
this satit this tu 

thre utial | ine f «ar Uranium can be precipitated merely by heating 
» in tt the int f hies thie itor decompose the ammoniun iranyl 

Assay, Pet 


Fig 6—The effect of concentration of ammonium carbonate 
and ammonium bicarbonate in the leach solution on the ex 
traction of uranium Fig 7-—Concentrations of ammonium compounds in solution 


with and without carbon dioxide added to the system 


Fig 8—The ettect of the addition of corbon dioxide to the Fig 9-—The effect of teme and pH of the 
system on the extraction of uranium 


solution on the 


precipitation of uranium by steam stripping 


carbonate an ammonium carbonate-bicarbonate rated plant, a 
and expels the ammonia and carbon dioxide vhich 

are then recovered | absorption in a olution 

brought to a concentration tisfact y for return 


the leaching ten The follow equations ex of th nan varied from 9.0 


pre the ical reaction nvolved pulp densits 
A and A’, the 
the addition 
la Was stripped from 

NH HCO,(aq heat-> NH, ( ( ) 

HH (aq) ea H ) HOC) [5] vithin 60 min at a pH of 7 
(NH,) UO.(CO,),.(aq) + heat-+ 4NH,( DEIOV the precipitate began 

uned 0.005 U pet 
H O(1) + (NH.) CO iter mpares lites the prepnant 


(NH,) CO,(aq) at*2NH,(g) + CO.(g) + 
[4] 


the olution could 


| control when the pre 


Table Il. Chemical and Spectrographic Analysis of Precipitate 


(Chemical Assay. Pet spectrographt« 


Me 


JUNE 1957 


\ 
> 
‘ 
5 
donde odded i | 
‘ 
‘ 
sed Time, minutes 
owe Mumbe ne tes > 
r wa ubstituted 
the relation be 
{ the amount ol 
olution 
In the experimental work, steam was used to heat To determine whethe hh eee y 
the solutions and to serve as a sweeping gas. In the — be employed for operat) 
Assay, 
Ore 
Dried 23.4 44 
gnited 1742°5 67 
Ore 2 : 
Dried y i = 
ted 1742°h y 44 ‘ 
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a al ried precipitates was identified as UO, 


Table I) Typical Uranium and Ammonia Balance 2H O } x 4 diffraction. The ignited precipitate 


ranium Malanece 


a Operation of the Integrated Plant for the 
Extraction and Recovery of Uranium 


of the am- 
the recovery 


, f the ammonia for return to the leaching circuit 

inte irrent decantation washing circuit and a 

ef raniom in et 
hb peters Gram Dist. Pet ecipitation towe vere added to the system. The 
byective f the | ‘ was to demonstrate the 
iraniut i ammonia recovery that could be ac- 
} ( | hed in an integrated plant. Although it was 
- t within the scope of this program to actually re- 
ne . turn the at nia to the leachin circuit, absorption 

of trantum in Vrecip 

itateor towe vere employed to recover the ammonia from 
‘ ‘ ‘ tation tows Table III gives the uranium 
1 a i balance obtained from operation of 


hese data show that the soluble loss of uranium 


Balance 
a f the countercurrent decantation system was 1.6 
ct of the uranium in the pregnant liquor and that 

n additional loss of 0.7 pet was incurred by the 

er olution discharged from the precipitation 


Cb ‘ ve On th ba the recovery of uranium from 
of in System (cram Pet Ores 95.5 pet of the rranium in the feed to the 
. . each ter In the case of Ores 1 and 2, where 
i} ite 9% pet of the uranium was extracted 
the leachu lowe the over-all recovery of 
, iraniu A ap} mately 91 pet of the feed to 
Distribution of Ammenta in Precip thie ty ited nt 

With ‘ ect to the recovery ystem, 

ns > the data show that the ammonia lost with the di 
! the countercurrent decantation washing 
te equivalent to 1.67 Ib NH, per ton of dry 
feed, and that the total loss of ammonia from the 
ter neludu the lo vith the barren solution 
nd the unaccountable loss was equivalent to 5.85 Ib 

r ton of di d itegrated plant 


tainin thie OlutiO! nm the pre The lata obtained from thi tudy have demon 


pitation te ‘ it continuou feodin trated that the ammonium carbonate pre ure 
he pregnant solution to the f ‘ Phe curve 1 each i technically attractive method for extrac 
md i hie that b Hi the preci t f ural it from high-lime ore 
tution towe be operated i tinuous basi A the cause of other processes developed for 
mad aecomy ! t priete pitat the the traction of uraniun from domestic ores, the 
inaniun Although a pHi of 7.5 appears to be a erit met loos not appear applicable to high gypsum 
cal pout th respect to redissolution of the pre hivt madium ore On the other hand, with its 
pritite ! Deheved that the « tical pHl vari ‘ eavent ¢ t for precipitation and the recovery 
th each ore, depend n the salts remainu ! f substantial | of the ammonia, the proce ap- 
thie olution afte tripopu the ‘ have iivantage over other alkaline leach 
\t the tire miu pre pitat the i n ‘ In vaddition. because of these ame ftactor 
j ccurred, more than 99 pet of the ar ona and t obat competitive with an acid leach of 
inbon dioxide had been stripped tf the solution ediut lime ore At the ame time, because an 
Composition of the Precipitates lrecipitates wer cid leach usually will extract about 98 pct of the 
roduced from operation of the inte ited plant o1 iraniuy fro low-lime ore the acid leach still 
‘ lable I] ‘ thie to maintai t advantave The idvantage 
hemical and speet phic anal f these pre nd disadvantaves of the several methods available 
pitate These data she that when the precy fe extracti iranium from low rade ore are 
nium content varies { 44.7 h that a careful economic comparison should be 


clarification filter betwee ekener overtiow 


pre Cipitaty 
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Because one of the attractive 
pitation tows operated on a continuous ba Conclusions 
to oo ‘ W hie ‘ ine t euct e being considered 
1742 F the uranium content vari fror 9 to 7? 
‘ pet. As shown by the spectrographie anal the References 
ariation is catused prima olid art ve iJou ‘ e Leachina of 
from the countercurrent } I} cor - inst f Mir 1 Met 6, DE 
953 
nt Ro Woodward: The Beaverlodge Hyd 
mpo 
and the we Phe uranium ipound A leet Chicago, February 1955 
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Uranium Recovery 


by the Solvent Extraction Process 


Mills employing the sulfuric acid leaching method for 
uranium have been confronted with a major problem in re- 
covering uranium from leach solutions, but today, solvent ex- 
traction offers a new method of processing these leach solu- 
tions. During the past year, the industry has seen the operation 
of solvent extraction circuits at the Climax Uranium Co. mill 
of Grand Junction, Colo., the Kerr-McGee Oil Industries Co., 
mill at Shiprock, N. M., and the AEC Pilot Plant operated by 
National Lead Co., Inc. at Grand Junction, Colo. The Vitro 
Uranium Co. constructed and operated a 10 gpm pilot plant 
and is converting to solvent extraction. 


By James D. Moore 


T has been said that the solvent extraction proce confronted with a major problem in recovering 


is rapidly becoming one of the hydrometallurgist iranium from the leach solution 
most valuable tools. Chemical and petroleum indu 


tries have employed solvent techniques for many Old : 
er uranium recovery systems 

years to produce desired purifications and para ho 

tion and ilthough the proce has been up} hed to Mill which 

industry for nearly lol of tw processt One ystem requires com 


turted operations around 1950 had a 


Various phases of the uranium 
decade, by comparative tandard it 1 in it in plete me 
fancy in the field of metallurgy »Olvents are being i ludge containing not only uranium, but 
on ihhea, and other acid 


itralization of the leach liquor to produce 
al 


employed in the purification of crude uranium con anadiu 


centrates to produce high grade uranium product olubles. A sodium diuranate ts finally produced by 


ulitable for conversion to reactor! rac iranium precipitation with caustic after dissolution in car 


metal. Another application is in the pro ings of bonate 


irradiated reactor fuel is Known as uranous phosphate 


Until recently, however, applicati oly pitation, whi involve reduction from the 
extraction ha bee! » the uranous (+4) state by the 
reducing agent uch as pow 


tered afl 


covered as a concentrate fron raw ‘ lurminu 1 this case uranium precipitate 


product encoun 


is later upgraded by hot 


concentrate may contain 


and may be of several 


chemical composition. Mills producin ich concer! Viills constructec ore recently have turned to 
trates, and particularly those which uitilize the con ion exchang ! overy processe in either the 
ventional sulfuric acid leaching method, have beer imn Oo hy julp form. The first system is de 

iv Jeach solutions following re 


JAMES D. MOORE is Chief Process Engineer, Vitro Uranium Co ' il of the leached residue; the second, the pulp 
Salt Lake City. This paper was presented at the AIME Annual tem ce ned to proce the solution in the 
Meeting, New Orleans, February 1957 roe é ch slur: 

il on i acn ul y 
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OO 
upwards of 75 pet i phosphate, which EE DDD 
a 


Fig | Typical equilibrum diagram on logarithmic co 
ordinates showing uranium distribution between O01 M dodecyl 


phosphoric acid (DDPA) in kerosene and leach solution 


Fig 2 Proposed uranium recovery process at Vitro Uranium 


( using de decy! phosphoric acid solvent extraction 


Solvent extraction, a new method of 
processing sulfate leach liquors 
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that time, a great deal of information had been 
loped on the laboratory scale, but there was a 
ial lack of data which could be used for 
in. It remained to select the most applic- 
and further develop the data necessary 
plant design. This was accomplished 

ion and operation of a pilot plant at 


Organo phosphoric acid selected as 
solvent for Vitro pilot plant 


were everal important consideration 
luenced the selection of an organo pho 
which had been under study for quite 
the Dow Chemical Co., and unde1 
vestigation at the Bureau of Mines in 
These factors were: 1) data indicated 
rocessing slut 2) low first cost for 
w solubility in the aqueous phase, 4) 
concentration ratio ») low over-all 
6) much of the work had been done 
leach hiquol! and 7) proximity 
‘ mill to the Bureau of Mine 
uch led to a cooperative effort 
ive ingredient or extractant of thi 
fodecyl phosphoric acid, an ester of 2, 6 
methyl nonanol, in kerosene, which acts a 
ier. Although dodecyl phosphoric acid 
DDPA, is not a commercial product 


eadily obtained on the chemical mat! 


rmulated from the alcohol and 


Cl O~ 
Mads f 
WATER 
Sree 
At 
il 
plat 
development ha provided means of bl 
thy ‘ ‘ cont na neflicrent 
ol 
‘ t thie ‘ if ere “ily 
by th 
bye hat cheiape ! ! i | 
he mill site 
have influenced the deve ol 
4 thie ‘ thy j fiite ‘ ‘ ! 
eftarded 4 ‘ rricate Hloweve 
ue cl eal ‘ eat inde VEC cont wt 
thie ( hve ‘ € ht ire Nut 
tories USBM, Nation Lead Ce and 
‘ level ‘ i ‘ «of rit 
ts whi © | en economle iitable 
bye thee il ! ! cid md the al 
thie on n of these 
‘ ‘ ‘ tw thy ( fo Plateau 
7 } ‘ f oid leachu have converted t 
‘ ‘ ‘ ‘ ter Cothve ethe 
eouthye ry ‘ nder cor thor 
wit f Arne hs held that sol 
‘ tie neentrate Pherefore 
‘ Vit ! a cet 
ts f ene and deve ment work bei ket, if ail) 
phosphorous pentoxide 
77 t thes ‘ ild te bye ed direct 
ch an operation would eliminat | 
three f ‘ er ‘ te fine tie ~ 


| 


7 


| ote 
700 Ga: 6" Dean fo 


SECTION 


J 


Souvan? 


Fig. 3—Equilibrium data for stripping solvent of uranium STasPPING SECTION 
showing distribution between the organic and 10 N HCI at 
two contact times 
‘ 


ana 


To 
40 Gms 


Fig 4—-Solvent extraction pilot plant at Vitro Uranium Co 


d lian 


livhtlhy extracted separation is cal 
The hydrogen aton are omitted for clarits and ith ried out either b ; countercurrent decantation 
this case, R represents the dodecyl radical (2, 6, 6 term or by filtration, wherein tailin residue is di 
trimethyl nonanol 4) carded and leach liquor | ecovered, This liquor 4 
The first reaction is exothermic and is carried out litable to proce direct] n the solvent extraction 
In Kerosene diluent It proceed rapidly and } Pen pl int vithout further treatme ni Uranium extrac 
erally complete in about 30 min. The hydrolysis re tion is carried out in countercurrent fashion in four 
action proceeds in presence of HC] at ambient tem taves at 7-1 aqueous to solvent ratio 
perature Yields on the order of 65 to 90 pet are Phe mechanism of extraction is believed to in 
ealized, and the product average 09 M DDPA ive the transl of UO from the aqueous phase 


othe reaction 


] | OV 
I l i typical equilibrium diagram showin Uranium is removed from the solvent, for recycle 
iraniur listribution between 0.1 1 DDPA and ind furthé anium extract tripping with 
epresentat ‘ weact ition such cu ‘ ¢ ‘ mal equired to pro ice 
isetul predak ! ne numbe rie ell thy Hi to restore the anic and the Cl to 


aceordimny to the 


during thi 


iraniun ecovery proce inciudin typical ioe tep ! inta ! i mic to aqueou phase 
ting data which might be expected presented it { juilibrium data fo tripping are influenced 
i > Cround ore is leached with sulfuric acid at by contact time and temperature. Fi Sis a plot of 


the work 


educing agent to minimize bh ! ad bution between the organic and 10 
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DDPA has a high affinity and selectivi iba for H in the organic phase, 
, niun which allow recove!l in the olvent at con 
centrations much higher than in the aqueous feed g 
For extraction, it diluted to 0.1 M or approxi 
matel net in kerosene 
cal stages for recovery and were further used produce uranyl chloride, 
iide the pilotin nvestigation. Operation at a ‘ 
at queou to anic volurne phase pre 
duce atisfacto concentrator 
‘ 
Uranium recovery process 
about 60 pet solids. Foll x 
the extraction of undesirable ich us Fe Sodium N HC] at 5 min and 40 min contact time - 


Fiq 5 Distribution of uranium between 10 N HCi and 01 
M dodecyl phosphonc acid, showing the aging effects on 


three samples 


capacity 


The extraction section 
Varia- 

deter- 

after 

bevond 

tage 

Wa 
ive Opera- 

ical Capacity con- 
tudy of a single 
olvent wa 


ration and 


feed adjustment 
laximum of 
ere limiting, in 
olvent flow meter 
ent indicated thi 
checked p 


Stripping section: 


roduce con- 


and two solvent 
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q iH ‘ ‘ ‘ ‘ 
/ 
‘ iH, and NH,C] J, 
‘ 
The pilot plant —- 
hie ‘ ‘ ‘ thie 
~ 
! 
‘ i! contact and teat trie to the iranium concen 
organi me conti I nentioned earli ty studies continued. The capacity of the 3 ft 
7 t the ‘ ent feed ere? eached at approximately 
oun the ripe to lL. How e a figure of 1.3 gpm per sq ft 
‘ ‘ inile cient ‘ thet thie ectional aurea. Since there wa no 
ne ¢ the continuou limiting contactor capacit the con- 
‘ et ent ment tie tiuct ed to the 6 {t-dliar 
ani Pheret thie Liat reed ite Vere ncereased 
vil ecveled d n the draft tube vhereupon other factor 
Raw une ed leact treated witl i lit the feed pumy nd the 
ticle vy thie ent tu inte ti ‘ ‘ il eu nee ol the ol 
current ‘ ! tel i ‘ rie tive tank capacil Phi 
ontacti ‘ ed vious findu and gave a figure of 1.4 gpm per sq. ft 
ent held in the solvent hold tanks. Uranium cor pping of DDPA was origin 
cont { edet ned ritit of el beheved to be only livhtly more difficult to ac- 
i4 j than the ext hi ection Wa con 
to the feeds to « f the ext tior ‘ ‘ ‘ ti te ir to the extraction section, in 
Phese conmeent tien vere esti ted the that ser continuous operation could rep 
‘ ‘ ‘ et lit ere t crit esults. Five HC] hold tanks 
7 ‘ eed } if vere pre ded in this cause tovether 
il ‘ ‘ ‘ 
‘ ‘ ent. hoo col mul tem designed to provide ap 
j { thre t few j ndicated u iflicient contact time 
au pet | el ed ed eed ‘ tave,n er ystem was installed 
! il ‘ | init ‘ ted i i continuou countercul 
nel at ‘ ere te ned ry the ent f nad ovided at it hr contact time 
on ‘ ‘ ‘ ‘ With « tended time il factory tripping 
j transfe ed t the ‘ vere btained. Although the ystem varied 
tic? each ev t it that de n should be based on 
‘ ‘ ‘ fact fempel tture In the range ot 
‘ t data It ¢ | cle t} ‘ itivelyv loms hold 
it Lest epttlir tinne ta se is blem. since the total volume 
emamer letermiune 


Distribution of uranium between reduced liquor and 
showing only slight differences be 


Fig 6 
dodecyl phosphoric acid 
tween HF treated and freshly prepared solvent 


Fig. 7-—Distribution of uranium between 10 N HCI and 01 
M dodecyl! phosphors showing equilibrium encountered 


with HF treated sample 


acid 


determine 


iited in at detri 
th oft thre 


made to 


character 
hown if 


boon 
librium te 
difference 


on the 


between 


ited material bay 

if tripping equilibrium 
treated sample. It 
that olvent 


red 


vhich was encountered with the 


Vu concluded from these 
While aping 


lite turted 


laborators 


Hk. Excellent 


i 


thie 


ini 
treatment with 
ve been obtained 
have been com 
either extraction 
the pilot plant ha 


which Nit easily 


liminated 


Pilot plant evaporator equipment 
orator equipment, as installed, was opet 


The « : 
! 10 N | md a bottom 
This unit 


product 
the con 


tem, and recovet 


65 pet. At 
tion in the con 
the bottoms were 


liter, and indica 
sushed to 700 gpl 
drying 
idered 


oblem i 


col 


1 600 


In conclusion 
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f 
‘ “are / 
both phase to be handled in thi ection is af eriously affected. A check was 
proximate one-seventh of the fresh aqueous feed f the fluoride treatment had re 
© pial mental effect extract 
olvent, but data from eq : 
Extractive efficiency of solvent Fig. 6 indicate 
tre 
\ wee ve of extraction ma tri pin 
Cal ead aol it Dbecurne poparent thut the olvent 
ts extractive efliciens and. also. it wa 
becomil diftheult te try The cle 
eused ¢ ct etherens Vil ‘ pect { ma 
thie vent more | : 
muct i ‘ ou york had determined that 
As aresullt of these 
! te titauniun nd perhap ome of the rare 
H a continuou ba 
eartl vere not removed b Cl strippir led : 
poisoned solvent after 
toa il le nvest ition of the olvent 
extraction and stripp! 
A ered that Ke pene diluent had 
ind, as of this writi 
beer | t bh ‘ po tion to ibstant 1] Increase 
: pieted no ay pure 
the DDPA concentration I} concentration 
trippi Furtner oj 
ease had? ed the poisoning effect of the cor 
confirmed the effeet of apins 
laminant nd had caused the ipparent iraniun 
iit er ! elativel constant. B treati 
t! rate th dilute HF it was restored to it (ce 
tite of the precipitate | oduced 
du treatment indicated titanium had beer 
t? im! na it} mei i il, 
mre } picked entlional thern Yphon 
f 1ON acid was limited to approx i 
Aving Effect proximate! thie ime time, it 
the erifice of low HCI concent: 
' peculated that stripping had been affected b | 
densate concentration it 
eur f uranium be ! olvent. It so happened 5 
pushed to well over 600 UO. pe : 
that the nat eof the pilot plant operation required 
re that this can sate 
Col erable puantitie of loaded solvent te tand 
To overcome the HCI recovery 
nit employ ilfurie acid sho 
col eted. An invest tion of tl carried out 
erry of moisture tro thie “pol tream 
| botton ‘ been neutralized vith 
‘ f ent were compared: 1) pilot plant s« : 
int i te ecipitute iuranyl hydrox 
ent ted to 0.1 M DDVPA in kerosene nd HI 
le product running 75 to 65 pet after caleina 
treated t plant solvent adjusted to 0.1 M 
DDPA im ke ene nad ) fresh DDPA 
prod ‘ nable nd ther ne-nall 
enact ‘ hiected 1 ‘ contact It is our opinior that olvent extraction proce ‘ 
with fre Hit The er rit half of each ‘ ent eevent! ‘ in the production of 
ey t t if tv yoo} nd the: nium duct Phe inherent flexibility and wide 
ntact with He It ent hoice of re ents offe eemingl inlimited mur 
t 7 ‘ ere ed | med ! { ¢ ! md po for pu thew 
nd that the ted mle was f urar rm f m ores to final high gral 
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Manganese From Low-Grade Ores 


functions as an intermediate 


MnQ) with CO. to form MnCO 


based o1 


J) Y WELSH and D W. PETERSON are Director of Research and 
Plant Supermtendent, respectively Manganese Chemicals Corp 
Minneapol Paper presented at AIME Annucl Meeting, New 


Fig. |--Flow sheet of the Dean Leute Ammonium Carbamate 
Orleans, February 1957 


Process 
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by J. Y. Welsh and D. W. Peterson 
j 
A seme sete es for the hydrometa the fact that mangunous oxide, MnQ, forms a solu 
has beer ble complex nm aqueou olution containit high 
‘ ile plant cone itions of ammonia and carbon dioxide, and 
‘ Cer plead with prover \t the ammonia and carbon dioxide concentra 
Chemicals Corporation to the low grade tions employed—about 18 moles per liter NH, and 
, ore f the Cuyuna Range in Minne moles per liter CO, the NH,-CO.—-H.O equilibria 
to the « tie probtier of lisplaced fron the carbonate to the carbamate 
‘ ipo] metaliu eal mar 
; one f teel undust n the event of a na 
‘ ‘ mil tanec of i al 
‘ ! cle deposit 
the fact that 90} if the mana nese 
‘ ‘ init must be imported NG FURNACE 
ent plant cuted at Rivertor Vi RINDING — 3OME 
‘ oul ft ‘ rie Alli of “uv Fa 
Mr vO 3 oA 
plant of th e can be viewed a TION Tani 
| rhe plant metallu cal require N SERIE 
ert tries t repre rit i full scale RAY ARIF 
HICKENER 
the production of manganese fe pecialt cate 
NEW LEACH LIQUOR 
h pu “O) leu fir mite NITER BREN EA 
WA THICKE NER GENERA 
bye { the « nute produced t thie pro © pre Ta N Nee 
‘ i ibsequent proce ne, make 
‘ bile fuct t ‘ eee fully 
‘ ret} n the production of RRY 
sT 
nese ompounds for pecial pplication ARIF YING MOTHER 
Carbamate Proce is unique. The proce is TAILING 
ARY NH 


By the Ammonium Carbamate Process 


Proven in production, this process promises high purity 
manganese compounds for specialty applications, from ores 
of the Cuyuna Range. 


ture as follow Dr. R.S. Dean initial work on thi vatem Coovered 
by | 5. Patent 2,608,463, August 26, 1952) showed 
the MnO to be complexed with the carbamate ion 
He postulated the follownu tructure 


Phe comp! hen broken d nt heat 
of H mn th precipitation 
mese as a carbonate 
I} ! i] chemica ley 
the reduction or decomposition of the mangane 


compound within the ore to MnQ. The chemist 


the carbamate leach liquo seconda 
a ition at thi po 1 ree in on present 
eduction level equivalent to FeO ilso solubilized 
by the leach liquor in an analogous manner to MnO 
I} i 1 bie ! 
tep in such a ha ! nt { 
‘ nut ‘ 
juced to MnO 
ble to hold tt n i he f fuct 
10 pet ‘ It 1} 
d m of the ore ne of the most erit 
entire 
‘ ! ep ad 
tic? ‘ 1 red ed 
ipita 1 tan I} 
Fig. 2—Shaft-type furnace used for reduction of the ore bamate complex gives off heat ficus 1} 
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| 
rout HAMRE 


Table |. Furnace Operating Conditions 


two phases of 

pecial cor ade 
1. A consideration of the reducing furnace, as its 
operation relates to the manganese ore of the 
Cuyuna Range. 
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j ( 
+} ‘ te ‘ ‘ } 
‘ 
Ing) t too } } Te 4) ‘ 
bie ' ture ‘ tN 
) ‘ j rhed thie CO 
i 
P ‘ ‘ 
po 
litior nece ivy to maintain uniform characte! 
ht ‘ tie the final product 
the the frat The MnCO, produced by the ammonium carba 
is a basic particle size of 1 to 4 
bate nad lune the form of a light tar Tree pow 
ler containing more than 46 pet Mn against a theo 
{ 1 Thu leachir il value of 47.6 pet. The difference between the 
ae Sis tual and thee elical Value prim irily due to the 
essence wate ind ammonia. Both of these can 
be diminished | i calcining treatment. Othe n 
tre ( ryt a ty t 
1} lepleted the CO. cor onent the ned amour pe 
The flow d mm of the proce how? ’ 
and a much a. Special Process Equipment 
‘ ‘ ‘ pe ty 
! ertent ipt the reduced f the Cuyuna Range ore imenable to the 
tte ht, miust be « inte ted ut proc mangvaniferou on or very 
art eductior his off ind seattered deposits of fe nou mat 
f er inese ore found from time to time 
} i esent as the FeO) ce« plex) act i ct Mn and 25 to 28 pet Fe. The manganese ecu 
j j ert hiss thy j henefit thi py olu ty n ind nfrequenth 
thi ble Fe(OH). and hodochrosite ind the no oceu ilmost exclu 
if thie ficte j ‘ thy eduction ‘ decompositior the cuse 
im cont mount If the lochrosite of the mar nee mn the | 
curt ‘ rit I} eduction thermu vith espect to 
; ‘ lation of educed ore, th nd eleasn about 11.6 Btu pe Ib of 
ilfide can he held ‘ ore pe pct of Mn. ar 10.65 Btu per Ib of re pe 
three of ‘ | met of ke \ eer thie heut cleased thie 
‘ eal ‘ iti ‘ Pie j P eduction 18 ¢ { the ‘ 
ticle thy thy lded d | rf that some luetior ind must be eckoned with verv ¢ eful 
ecluced 1 this fists | on they cent mat mMese ner ‘ It rea 
! tif! ilt 1 prevent overheat of the ore bed and conse 
th quent ove eduction of the or below the FeO 
‘ } thy if +} ‘ eve vhict tate it become totall } 
bie f ole ted termpe ible in the carbamate puor alo with the man 
pitate f ! condition elative t temperature nd 
thy three te ‘ tire ‘ tut tittuent hict in it the 
i! Above 55 ( tf ‘ ‘ ed hee QO), have been immarized and discussed 
honate havin the usu } locrosite eve ‘ t nd will not be discussed } ‘ 
f licirent low tempe ture to | f tend furnace, | 2. with a capacity of about 10 tor pe 
but w anvert ¢ ed f they enactior; one ft nd the 
ble ene as the we 16 ft of the haft Phe de 
ity tics | mat espects to the furnace described 


Fig. 3—Six tank slurry still with liquid and vapor phase 
connections 


Pheoretical thie educt tion hould 
pl ill the hea nece il ice nor? 
Vithout the addition of external heat, but prac 
tice it has been found that it is nece meri 
ibout 70 to 90 Btu pe b of ore from the combustior 
f fuel oil to compe ate for. iniforn i ie 
ntact. eflects Iso t} nere e in total 
heat transt Dlow ite from Y cu ft pe } of « 
theoretical to 12 cu ft per lb practical. Other fu 
iff ed in Table I 

Reducu ( ire manufactured at the plant i 
Wellman-Ga ha Gra Produce med ine ! ited 
vith recirculated top gas to the desired CO el} 
Phe toy es are drawn off through a collector 
manifold at 200 to 250 } These se ire then 
crubbed and cooled and recirculated th ivh lo 
blowe bach rit trie furnace i 
lewve for cool md sealu \ portion of theses 
toy ist re diverted to the leach qu evenera 
tion cireult 


Il. A consideration of the slurry still and the char- 
acteristics of the NH -CO-HO system involved. 


rhe problem of strippuy the NH, and CO. from 
thre pent ore econtainit about pet d 
presented a difficult engineeri prot ( 
tional distill columns could not be rt en 
ployed because f the hea ‘ hic nie 
igitated vould ttle it nd r ‘ 
hinde the equired i} ind | quid fle ftery 
Dist it ima ted t} tad co) 

i few a five theoretr | 
t } ctica il of the ind CQ. thie 
it ! The ow num be if theoret ly 

iu ead ed to the cone oor that i tated 
il vill tat liquid and phase connee 
Bs if With +} band 


designed, as showr 
\ 60 pet slu fed into the top t t the rate 
f Af ‘ The } j 
na lantit f NH (*¢) lut t 


Potential of the Carbamate Process in the 
Metallurgical Field 


Plant operation to date ha hown that the ores ot 
the Cuyuna Range can be processed by the Dean 
Leute Ammonium Carbamate Proce without ditli 
culty and with an extraction efficiency of at least 70 
pet. Also, successful conversion of the carbonate to 
MnO, pellets has been carried out, following pro 
cedure milar to those employed in the taconite 
proc The pelletized product, which meet the 
ph ical requirement of government ton kpiling 


pecification, contains about 65 pet Mn, 3 pet SiO 


and 1 pet Fe 
i 


If a large plant were designed to supply 25 pet of 
our country total requirements, and if recovery 
of iron from manganiferous ore were taken into 
account along with the exceptional purity of the 


product, it has been estimated that the proce could 
produce manganese at a cost in the range of pre ent 
market prices for foreign ore 


Some of the more important pecialty application 


include paint dryer dry batters ferrite col 
rosion-resistant coating nonferrous alloys, cathodi 
protection, electrode coating animal feed fertil 
el and general laboratory and plant chemical 
rhe carbonate, by controlled calcining or roasting 
conditions, can be converted to all of the manpanens¢ 
om ice and of course most manganese alts can be 


prepared readily from the appropriate acid, The 
carbonate can serve also as a suitable feed for the 
production of electroyltic manganese dioxide ot 
electrolytic manganese metal 

Of particular interest at the present time is the 


production of a pecial dr battery rade man 
inese dioxide b chemical mean Such a method 
of interest because of the favor ible economu ii 


compared to the electrolyty manganese dioxide 


vhich is now in general use Manganese carbonate 
produced by this proce how unique feature i“ 
au startin chemical, and the manufacture of high 

battery dioxide comparable to eleetrolyts 


dioxide ha been on a production basi for over a 


The use of the product of this proce either as the 
carbonate or an oxide in the production of ferrite 
baovdte also of interest. This use require high 
purity manganese, and represents a rapidly expand 
nv market which in many phases | till in the re 
earet Experimental work ha hown that 
the MnCO, can be converted to Mn,O, in a finels 
divided free flowing form which contains as little a 
0.05 pet total alkalis and alkaline earths, If required 
ilicates can also be lowered from a normal level of 


ibout O.15 pet to 0.01 pet or Ie A high purity 
nO nov ivailable on a production ba 
Laborato work has been completed on a va 
ety of high purity chemicals using MnCO, as a 
tarting material. This work is presently in the pilot 


It can be aid that the ammonium carbamat 
ot has beer iccessfully proven in production 
tands today, this process marks the start of 

i lusts n the field of high quality man 
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= 
| 
| 
about 12 gal pe min in order to maintat i mate al anese Compound for! pecialty ust 
balance in the procs a 
The still operation has proven quite efficient Ae: 
shstant trouble free The NH nrentrat 
rm the juid phase of the ( le Mn Ore Cuw 
ind a H ynetic Rousting of Lean Ores, AIME Trans 


Landolt 


Pxplored 


Kegton Keserves, Tens 


nited States 
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hrOKR W d War |, and even prior to World I ; ; ations to date, the vicinity of Yel 
i Vit col i ol thie I ‘ ownknitle N thwest Te rito north of Great Slave 
‘ ‘ ent ' ‘ mited to exploitation of a Lis ippeu to have a most prolific amount ol 
ol hiaaricl cobobur ethod Within the past five ‘ ed on during the past 12 to 18 montl 
fuation hus et idical evenled pe tite dike far riche than those 
While the Black Hills area of ith Dakota t found « developed in other area 
tant source of lithiut ners new 
nad ni mad ither! 
Ht} i iw ate exter e are the various reserve At best 
‘ ‘ im ol be indicated. With a thorougt 
tries Tal flumene belt in N th Caro two ) i! eda red or proven ore can 
hie ‘ plants are ipplied frot podurmens Bevond that. ore possibilitie mav be 
‘ ‘ oul t method Vi irae il Co ant teal ; ficated and interred Ex perience of 
Lithiu ‘ | f America Ine \ number of ecent has shown that tonnages actually mined 
i thew ‘ Tri t equal if not exceed the easured ore 
. ( have oxy red tl wea ‘ cted 
cor poau i ‘ ew of published and other available 
tend 4 > ‘ f Lines tor the tuation the > ind Canada 
e. outh Carol ist south of i appear to be as follow 
‘ ‘ { te 14 ‘ 
Canada become the source of a vast ount ol 110 Pet 
nrincipa nodumens The Val 
thwest Quebes mined | 
Lithiu ‘ which onerate sD t 
Try they of Manitot i catiol : 
i tial quantitte fs} i 
‘ Cat Lake Bernice Lake Herb Lake 
It rich be ‘ ‘ bered that these rough tonnart 
ine ‘ } tk lemonstrate the amount ot 
te toot eported in Gintarto aise 
te i that i be expected to be mined 
ere These ore eserve vill adequatel 


eould be 
il i ‘ \ a | um product 
noved betor 


thermo: 


follow 


hithiun fron 
good con 
an optimum production 
would be obtained 


ining and treatment 
DY producing 6 pet 
concentration capacity foul 


> in term lithiun 
equivalent. In the pa 


expanded about ten time 


Ik very of th Consumption of lithium products 
combining 


media concentrate, ; Table II estimated figures on total consumption 
mesh. flotation can be mor { ‘ mw consumption pecit 
Accordin the 1 


pure are not reported 
pment i 


reatly ! avail bine trial uses, and quantities for ce 
finished concer ben ! i al isually classified information 
mout 70 pet but a concentrathi 


f ; i ul resented indicate the distribu 
() could be « xpected 


h concentrati! expect that demonstrated in 
nue to ierease as the indu 
amount of research will gen 
edictions on market mcrease 
ing the next few years indu 

hould approximate the 

Accordingly, if defense 
mtinue or increase, there will be a 
ed production capacity within the 


vere advanced by the 
are World War I saw the 
clopment World War Il 
on, and in the past decade 
levelopments in applica 
lithium products had been 
jue properties of lithium 
of its relatively high 


ation lithium metal « 


In minor quantitie 
roduct Hlere nuvain, the 


major factor 


recognized that 


HO Ooo it 
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It j possil le to produce a high ade podumene (a thiiuyr ( bonate) It is estimated that in 1956 if 
concentrate (5 to 6 pct LiO) by mean or neav! } duction will exceed 30 million Ib, roughly 100 : 
media eparation using ferrosilicon a trie aensi the consumption 20 veal 
to 
«il 
rel 
of lithium bearing material ku 
ibstantial throughput, the concentrate 2 
‘ j nd we ed 
prod iced j | ( 
it 
Froth flotat 
ul nake 
ol pet Lio 
harply decrease 
In heavy media 4 
pe of the lithium-bearing material can be made ve 
B froth flotat } tf 70 f th art nate or it 
flotation abou to 4 pet of i@ lithium 
bearing material is recovered 
There would be considerable advantage in appl : 
heay media technique to 
mest erect vith th 
Rrindin lo propel : 
fective treated 
mcentrat rit 
(Overall CCON 
vould still be 
least 5 pet L 
The objection to 
ticularly flotation 1 7 
cost of operation, wl 
delivered to the 
hithium. From one tor 
mined at $2.50 per t : 
round mining), cost ; 
i 
init Lio next whve 
ad oct mands of modern wa 
pet Lid P te of commercial ad | 
j I ‘ | 
offered a such wider} 
there have been start] 
tion Up to this time 
at ahve thy 
Direct ore treatment ised in fields where the pode 
made it interesting in “fe 
At it Besseme Cit plant, Lithium Cory of cost. Int 
direct ore treat ent vhiich ippeal olte this nufacture of other p | 
| 
considerable advantage Howeve t} tute oo f thous ateriais is not | 
a chemical plant adjacent to the mune Where olaterit mast 1 
ment of ich raw material is necessa! onl con ble fields of appheation do not fall in these | 
cent ite cun ol the ( { tuted cate Phen ith il must compete with 
transportation thie ! te i n cost and i ich case quantit : 
it certain that whatever concentrate ime pre equ ent re mee as cor ared with pre ,, 
fuced in Car li Africa, o point ‘ listunce ent ! 
from the re the unit cost of LLO will be higt ; 
ma Vill ittendant | ‘ in the ext ictior int i ° ° 
Lithium metal 
il Cost ¢ il A enflected ! 
the end product such raw material costs would be Although concerned with 
te pel ib carbonate equ ilernt thie ‘ lermand fo the clement 1} im 
eference should be made to the growth of lithius a 
eta msumption enin Table IV 
Growth of lithium industry = 
Laithiu metal ised in a variet of industrie 
Table I, the compilation published by the USBM thetic vitamins, antihistamines, and organic . 
hows an annual consumption of lithium products ir these fit prom ng application in rubber 
the I >. in 1935 to 1939 of approx petrochemical processe 


used a8 a scaven 
Table | Growth of the Lithium Industry in the U. S 
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or Equivalent), Lb 


done 


lithium from 
re the sulfur 


onal proce 

lyme method. Both require h 
decrepitation and ibseque 

lithium carbonate a 

method and lithium 

Thi method 1 Table 

ind the 


Production Capacity of Lithium Carbonate or 


its Equivalent in Thousands of Pounds Annually 


concentri 


‘ The lime method 
reatment of lepidolite (Amei Septem 
nt the net recovet! July ber 

(ompany 


neally ver disap 


method 


Consumption of Lithium Carbonate or Its Equivalent 


Acid method Table ttl 

in Thousands of Pounds) 
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Pet mated 


1955 

mated’ Pet mated** 


nand reduction 
weighed. There 


earch on reco, 


ch for new 


extended 
product 
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Di . . 
iffusion of Calcium and Silicon in a 
efe 
Lime-Alumina-Silica Slag 
Two additional experimental methods have been investigated for radioactive tracer 
studies of diffusion in liquid slags. Using the capillary method the diffusion constants of 
calcium and silicon at 1430°C are 1 x 10° and | x 10° cm'sec ' in a slag of 39 pet CaO, 
40 pct SiO., 21 pct Al.O.. Heats of activation are approximately 70 kcal 
by Helen Towers and John Chipman 
EVELOPMENT of a simple radioactive trace: planned to study diffusion of the short-lived isotope 
technique for measurement of the diffusion ce Si also, the deve lopment of method Vas restricted 
efficient of calcium ion in liquid slag has already been to those which gave promise of being reasonably 
reported. The investigation was of a preliminary rapid 
nature designed to explore the possibilities of usu Method 1 -The principle was identical to that 
adioactive isotopes and to establish a method, and previously used with respect to the diffusion condi 
no great accuracy was Claimed for the results. It wa tions, but there were three differences in technique 
hown, however, that Ca“ could be used successfull Temperature control was more rigid, the tracer wa 
and the values obtained for the diffusion coefficient added to the slag as Ca*QO rather than the chlorice 
appeared to be of the right order of magnitude. How and, finally, an effort was made to translate to high 
ever, it was considered that a better technique could temperature the clegant method developed by 
be devised for carrying out the diffusion. The exper Cohen and Bruin for bringin tovether the two 
iments were, therefore, continued to find a more ae liquid layers and bevinning the diffusion 
curate method, to check the calcium result ind to A master slag was melted in vraphite, ground to 
extend the investigation to include measurement fine powder, and analyzed (46.5 pet CaQO-209 pet 
of the diffusion coefficient of silicon in the same sla AlLO,-40.5 pet SiO). The tracer was received a 
There were two flaws in the original technique Ca*Cl, in an aqueous solution of CaC]} HCL Fror 
Convection was the cause of too many failure and thi calcium oxalate was precipitated nited te 
the interface between the two sla in the diffusion calcium oxide, and added ich to the lap to ‘ 
cell was curved rather than plane, probably due t an activity of approximately 5 pe pets The mixture 
a surface tension effect caused by the addition of Was then melted into the form of a ¢ ricte 1/16 
the tracer Ca in the form of chloride. Two method n. diam and about 1 in. lon \ solution identical 
of overcoming these defects were tried. Since it wa to the tracer solution without Ca i en ¢ t 
H. TOWERS, formerly Research Associate, Dept. of Metallurgy, “ ame treatment. fhe resulting CaO 
Massachusetts Institute of Technology, is now with the H G J with that sia which was to form the trace Tree 
Towers Co, Falkirk, Scotland. J. CHIPMAN, Member AIME, is half of the diffusion cell, and th was likewise 
Professor of Metallurgy, Massachusetts Institute of Technology melted into a cylinder of the ime size 
Cambridge, Mass lay cylinder two with and two witl it ( 
TP 4441CE Manuscript, Dec. 27, 1955. New York Meeting, Feb vere set in aphite blocs as shown in | 
ruary 1956 he « cible wa wwered int ' the f 
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2, 
i 
a 
Gs, 
wre ‘ ‘ t? 


couple 


. mediatel below the ‘irco tube. The relationship 
| between the temperatures recorded by these couple 
| ft 1] ating y y F > and that within the diffusion cell was found by an 
Ons Ban? 4 expl ng couple and was frequently checked When 
: the diffusion embly and the furnace had reached 
thermal equilibrium, the upper block was rotated 
Tid = 35 through 90, the correct position being fixed by the 
aphite locating pin moving in the crucibie and 
checked by the bra iides at the upper ends of the 
hite cylinders outside the furnace. Four diffu 
or vere thus created simultaneously. Diffu- 
Fig | Rotating block method for preparing diffusion couple ion was ended by the cell being withdrawn rapidly 
from the furnace, The Ca“ concentration along each 
composite cylinder w measured and the diffusion 
coothe nt calculated exactly as described previou ly 
Unfortunately, no greater precision was obtained 
. . by this method. The results generally confirmed 
I e previou determined but retained the same 
pine ve ; catter. Much of the difficulty once more concerned 
ore the interface. As the liquid was being sheared dui 
~ AVAL ne rotation, each half became free to adopt a new 
. - : ind more nearly equilibrium shape with respect to 
‘ ‘ J wate ‘ the iphite. Since the contact angle of this slag on 
aphite is about 160, all the sheared surfaces wer 
. convex instead of plane. When two such surlace 
ere brought into contact to create the diffusion 
cell, it was impossible for a plane interface to re ult 
' his problem is not incapable of solution The slay 
™ P could be made to have a contact angle of 90 either 
f by reaction with the graphite or by a minut addi 
f tion of a irfuce-active component but either 
—_ method might well create new problems. Alterna 
Live the sla could be placed under restraint by 
havin them totally enclosed in graphite and allow 
ne no freedom of movement. In the meantime, how 
ever. trials were being made with a second method 
which showed more immediate prospect of succe 
Li Method 2-—This was based on the capillary prin 
ciple slag capillars to which tracer had been 
dded were brought into contact with a re latively 
lume of the master slag. After diffusion, the 
concentration of trace along the capillary wa 


diffusion coethcient 


The capiilari containing Ca*O were 1/16 in. diam 
ind ! I bon Fou ich capillary rod poli ned on 


each end were inserted into closely fitting capillary 


fig 2 Furnace assembly for diffusion studies 


Phe usual addition to com 


pensate for the amount of tracer in the capillari 
t mace ice Via considered that there 
iid be tenden disturbance if the capu 


bulk slag. A 


riite fitted into the ring ibove the 


ee disk and pre ire applied to this plug prevented 
ny ement. Tl vas found to be necessary since 


the li h enough to 


tha w the lia completel from the capillarie 


The me general assembli in 2 was used 
4 | trie diffusior cell Thi wa lowered 
I + ; { ? ipid nto the furnace, which was maintained at 
i sd the desired temperature. Thus, the exact time for 
the beginnuit f diffusion w not known. To mini- 
mize ce ection. the cell was placed slightly below 


Fig 3—-Capillary method for diffusion in slag 
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' act Temperature was measured by two 
it 10 pet Rh-Pt thermocouptk one Outside the 
measured and, from this, the = 
/ by culated 
tube In biock The muaste! lat Wid 
melted into tne hupe of a disk, one Tace of which 
- ee was then polished. This was held inside a graphite 
it on top of the block containing the « ipillaries, 
how! 
i ! 
lari 


he plane of 


perature at 


it the bottom 
withdrawn a 
cool in air. The ci 

lag disk, mounted 

icrophotomete: 

general appearance bein 
ported in the earlier paper 
a trace are shown in Fig. 4 

Calculation of the Diffusion Coeflicient 
concentration at the capillary exit is equal 
all times, the concentration dist! 
capillary is a function of time 


the capillary exit. A solution 
‘p Fig. 5—Typical plot of experimental results on anthmetical 


flow problem, the case of a probability coordinates 
ally at constant temperature wit 
in the plane a 0, is available 
equation for ma transfer | “upproximation, raze value of the ma tran 
coethcient introduced, The solution of 
analogous heat flow problem, that of the semi 
olid, initially at constant te mperature radi 
nto a medium at zero temperature, has been 
where C (x,t) ts the concentration o ‘urslaw and Jaege! Phe corre ponding 
tance in capillary at time t and distan from equation for ma flow 
exit plane, and C, 1s the 


capillary Thi equation ha 


lute the measurement 

a good appl 
tained at ; w level by rapid 


liquid 
evaluation the equation was written 


tance rom 
For 


have been tabulated whils 


function was evaluated from a 


mall value ola ‘The ¢ 
of the capitlas could not alwa 
the lia fractured irrepgularl 


embling the cell. The experimental re 


® relore ¢ xpected to be least accurate neu 
oan ly 
exit, where «| mall 
method was found in plotting the re ill 
thmetical probability paper. The nonlinea 
caled from 0.01 to 99.99 
ve 
mimetrical about sei number 
je to plot function 
throu h ile al 
n hq may be rectified 
line or uch papel 
erty ( also found to 


Fig 4—Autoradiograph and microphotometer trace of dif i i \ / 0.5, essentiall 


fused slag cylinders) X6. Reduced approximately 40 pet for 


reproduction The ordinate intercept 
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highest temperature, making the ten 
the top of the cell about 0.5 above that 
lowed to 
from the 
case, the 
that re 
ille and 
1)—If the 60} 
to Zt ro ut 
ithim the 
evry 
of the capillary ts finite since convection in the bull C (x,t) , : 
Wa avoided and hence there finite re tance gta ert 
to ma transfer between the exit plane of the capil ( 2\/Dt 
lat and the bulk slag outside the capilla How 1 ) Be 
ever. conditior n the exit plan exp erfe p [3] 
rye 
di 
\ il it 
f exp # erfe 
‘ 
he 
on 
The experimental results fo may be 
plotted on rectanvular coordinate and compared - 
vith theoretical curve obtained by tneertin 
f J and # in kg $ Iti difficult to obtain a fit b 
method because of the curvature of ich a plot 
especially for 
of the exit pla 
be determined 
nd 
‘ 
wre 


172 


was obtained through the courtesy of the duPont 

Co. and contained I than 10 ppm total impurities, 

= > f which 2 to 5 ppm were iron, with copper less than 

= ings | ppm. The silicon powder, activity 6 mc per g, wa 

then oxidized to SiO, by treatment with sodium hy- 

: iroxide, hydrogen peroxide, and perchloric acid 

Phe SiO.. weighing about 0.12 g, was mixed into 6 

Pa“ of the finely powdered master slag and the mix- 

I ture melted tirred, and made into the form of a 

aal lish the manner already described. Capillary 
. Pd rod 1/16 in. diam, were withdrawn during the 

L melting proce to be used as standards in the ulti- 
e mate photography and to provide the reference 
ilue of ¢ Ihe procedure for carrying out the 

liffusion Was the ame as before. As the diffusion 

a. bd A t on. the decrease in activity of the tandard 
: vas checked with a G-M counter. This confirmed the 
purl of th idiation and enabled the maximum 

1 liffusion time to be given consistent with obtaining 

phot iphic record. With the specific activity 
juoted above, the maximum time allowable between 

making the Si” and the beginning of the photo- 

iphic exposure was found to be about 24 hr. The 

f t 3 hr of thi vas lost because the target holde1 
vas too hot to be handled. It was po ible to do 

Fig 6 Diffusion coefficients of calcium (upper line and everal runs from a single Si ample, in one Cast 
silicon (lower line) Broken line shows earlier results tor three runs of 3, 5, and 10 hr being carried out at 
calcium fifferent temperature The longest time given fo! 
liffusion in any one run was 15 hr; in general, time 
, ates eater than 80 and depend — between 5 and 10 hr were normal 

Correction for High Penetration Range —The high 

\ intensity of the radiation coupled with low slag 
lensity did not make for high resolution in the 

ccordingly, the experimental results were plotted photograph. The short diffusion distance accentu- 
probability pape ising ordinate values of 90 ited the disadvantage. For the autoradiograph 
© (2,0) fhe typical plot shown in | method. it is usually considered that the energy ol 

( / the i hould be o low that their range of pene 

ite hitl from a straight line f mal tration is an order of magnitude k than the dif 

f ! the slo of the near portion the fusion distance. In the case of Si the range R 1 


0.16 


0.546 E 


0.25 em (calculated from R 


oe temperature elected at the limits of the where BE maximum energy of the # rays In mev, 
lable temperature range. Average values of Dat ancl y density of the medium in g cm“); this ts of 
0°. 1500 ind 1540°C. respectively, are ’ the same order as the diffusion distance. The auto 
_ 10° and j 10° em’ se he result idiographs could only be described as fuzzy and 
7 ” tudy are iven for comparison o1 the exact diffusion coefficient is correspondingly un 


not obtained directly 


keal for the ene of activation Phe true value of (a4,t) 1 
Diffusion of Silicon Dh otope Sr emit i from the photographic record of C vy rat time t 
maximum energy 18 mev and has a half-tite ol ind cat n be found |} tukil into account the 
it 2.7 I Measurement of heon diffusion ! idiation from layers behind the irface and int 
iid slag thus presented a twofold difficulty i) a iting over the diffusion length. The labor involved 
t half-life coupled with an expected low value n the strictly mathematical solution for this cot 
and b) a high intensity of radiation in relation een altovether unwarranted. pract 
the | density of the ‘ It wa ealized ut cal solution was obtained in the following manne! 
ince that autorad iphy was searcely the idea capilla ods. one with and the other without 
t? ! f measurement of concentrat ! but the trace uddition were joined end to end and an auto 
t half fe rendered a quick method nece chi aph was made of the lor tudinal section 
| iled it the bilit ‘ mipie Vere the unction no diffusion had taken lace and 
rocdit technique wheret ihiquot layers could had the range of # penetration been ifficiently 
counted for activit Method 2 deseribed above mi the microphotometer trace would have ap 
is. therefore, used with the modification that u proached the form shown in Curve I of Fig. 7. In 
me oxpe ment the trace i ct tuined ry othe fact tre ilted in a ipl ich as Curve II. and th 
i ree 10. decreased the fer Via ised fo! ct ectil thie experime tal curve 
the trace fra i A located in the lowe Phe line if denote the junction between the two 
| Cul lia The ntensit it each point ilong 
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4 
‘ 
‘ 
Vel 
value of 1) could be readily evaluated 
ve ilt ure hown in 6 where lo 
bo) 
] p 
plotted apainst Measurement were made at 
l 
10) 
of 
thre 
| 
4 
i 
| 
‘ 
Wil obtained by deuteron bomba iment ol iit I idiat ! i i it 
finely ind } h-purits licon in the Ma chu from point il directions extendir as far as the 
et: silicon limit of penetration. The observable limit of 


penetration is the distance BZ. Along the length 
YA the intensity XY is Ik because no radiation 
being received from points beyond A. Simi 
larly, the recorded inten ity XZ is due to radia- 
tion received from AY. The area under XZ wa 
accordingly treated as proportional to the amount 
of extraneous radiation and was subdivided length 
wise into units. Similarly, the area XAY wa 
divided into units of length and the radiation de 
ficiency in each unit was obtained. Correction fac 
tors were derived for the fractional execs or de 
ficiency of radiation received by each unit of di 
tance, and these were applied to the experimental 
curves. Corrected graphs were then drawn 
8, from which D values were calculated in the 
manne! 

The arithmetical method of correction j about 
equivalent to the first approximation which would 
be obtained by integration. However, it was found 
that a) applying the arithmetic correction f; iu 
econd time, and b) multiplying the number and Fig. 8—Diffusion curve for Si, showing correction tor high 
thereby decreasing the size of the teps both had a 
negligible effect on the correction. While a 
matical solution of the problem based on the funda this value is therefore unsupported. The tentative 
mental data of f-ray penetration would be more 
elegant, it is doubtful if it would be mor 


largely becau ‘ it l dithiceult to at how 


line indicate an activation energy of roughly the 


ame magnitude as found for calcium 


could be taken of the Brem trahlung effect 


Discussion 
In the case of the calcium measurements the dif 
Results unit has been assumed to be calctum ton Ca 
were made ; 1. 1430 and 1d been shown that the « x perime ntal value 
value f ; ; and 1430°C ) agree approximately with conclusions which 
and 1.05 | The re might be reached from conductance measurement 
6, where ve is plotted agai The much higher activation energy for diffusion than 
conduction, however, indicates the possibility of 
even points at 1430°C, four were ) diffusion mechanism more complex than simple 
tained with tracer originally in the bulk sla 
three with t be rhe results for ilicon give little information 


rhe Caplilarit 


about the mechanism of the theon diffusion proce 


each case the lV wer density lag wa placed 
Comparison with the allied processes of electrical 


on top. Only one was obtained at 1460 C, and 
conduction and transference would appear to elim 


nute certain possibilities. The value of D,, 1s about 

tenth that of D If the diffusion were that of an 

on of charge 2 or 4, the ion should have a transport 
imber of about 0.1 or 0.2, which seems precluded 
by the results of Bockris and co-workers” The diffu 
ion of silicon would, therefore, appear to be some 
thir other than simple ionic movement. A mech 
the rupture of two of the bonds by 

ihedron is held to the silicate net 

would permit movement of 


ilieon, resulting in no 


usion of Ca”, Si and ©” in 
Compo ition would contribute 


nformation for the study of slay structure 
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Some Notes On Oroya Copper Slags 


This paper ts a study of the interrelationship between copper and magnetite content 
of reverberatory slags. During an experimental run converter slag was withheld from a 
reverberatory, resulting in much cleaner waste slags. The possibilities of treating con- 
verter slags outside the normal copper smelting circuit are briefly discussed. 


by |. L. Barker, J. S. Jacobi, and B. H. Wadia 
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list of slag rhea ty high nd ever ot 
pet of all the 
tend, a illy at pre 
Peril er ich losse can often be 
meltir ia iv time to settle with o 
. without addition of a reducing agent such as coal o1 
pyrite, the facilities fo ich treatment are not al 
vays available in a plant of old design working to 
capacit ince er pace limitation 


At the left is an aerial view of the La Oroya metallurgical 
works of the Cerro de Pasco Corporation. The plant is located 
at an altitude of 12,200 ft, 120 miles northeast of Lima, Peru 


positive result t was, however, po 


24 hr full cale test described, to see 

happen if the lag was kept 
circuit rhe result 
volume, the cop 


derably cut and 


converte! 


melting altogethe: indicate 


that, apart from reducing the sla 
per content of the lay also cor 
the total losses are cut 3.27 tod or 2.2 pet of the 
harged the 


total coppel ( reverberatori 


calculation includes a prospective lo 
eparat ly by leaching, in which pre 


indicate that 943 pet recovery of the 
lag could be obtained 


In treating 


converter slag 
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copper in converte! 

The economics of treating the t 
will depend on a) the coppe1 
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converter slaj 


eparate proce price 


b) ‘ and cost of operation 
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General Description 
The Oroya copper reverberatories, on the slag 


which most of the data presented in this paper have 


athered, are situated in the Peruvian Andes at 
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an altitude 12,200 ft. The furnaces a mven 


tional design, about 100 ft in lens 
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ugnht to the top of 


trol Y Cal Kimmin 
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oaste! hy 
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The slag temperature 
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To observe the effect of settli 
itor | 
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fired til 


gents on the reverber: 
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ducing 
material are still le de 


Fig 1 icrograph of reverberatory slag shows massive and 
dendritic magnetite and rounded particles of copper sulfide 
X600 Reduced approximately 25 pct for reproduction 


Plumbago type was finally 
te of its drawback 
trong and will 
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cted for the test work in pl 


type of crucible is mechanically 
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‘ ( on 


ro 
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irable 
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which 1 cheay mert, and isting 
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made to apply i wash of high alumina cement to the 
inside of the Plumbago pot, which should prevent 


direct contact of the slag with vraphite Samples ot 
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(approximately 25 lt lag capacity) wa el up nea ifficient to rind the la ample for anal tw * 
the sla kimming door. Crucibles of different mate 100 mesh to obtain consistent results. Unite other : 


f magnetite analysi ince been devel- 
quantitatively the earlier work 


which have 


oped Although 
nd ting the general ten 


mation, and as the ba 
ng carried out 
important liable which has not so fat 
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future the temperature 


near tu 


authors hope to examine 


from which 


are quenched. Obviou ly, aS magnetite } 
| t from the 


to crystallize ou 


a very important bearing 


work reported in Table I] 
at temperature of 1220 +18°C a 
by the optical pyromete: 
as to what the correct 
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checked frequently 

The question then arise 
re for the items under dist 
the molten state, as ! 
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value 
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difficult to determine the 
it seems justi- 


f t importance 
condition. Although it 1 
exact ionic nature of the molten slag 
fiable to assume that the conditions found in granu- 
chilled samples are fairly close to 
the molten tate The rapid 
olid state would allow 


lated or rapidly 


in 
1 from the liquid to the 


prev 
Fig 2--Micrograph of reverberatory slag shows grayish rearrangement or alteration of crystal 
interaction to take place 


needles of delatossite X600 Reduced approximately 30 pct 
for reproduction 
Methods of Analysis 
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ulfides and all other form 
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magnetite 
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decompo ed with HCl] and HF 
! titrated with a 


tannou 
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Fig 3—Micrograph of reverberatory slag shows metallic 
copper particle locked in massive magnetite. X600. Reduced 


approximately 30 pct for reproduction 
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Veerage 
Origine 
amount 
Hemett 
‘ 
| el. Tl of course due to porosity 
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4 Il show tent difference in spe 4 
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vided unt lowly cooled and chilled sample 
j eal The effect of cor rete on marcnetite 
! ni vetit : 
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Table IV. Settling and Modifying Tests on Reverberatory Slags* 
Fe, Pet SiO), Pet Vet 
Settling test 10 228 
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was without converter slag, reverberatory No 2, with twice 
the usual amount of converter slag 
vn strength of rodine solution. This method stood 
best ur mp or th other methods for ma 
of tand maynetite btaine 
| il nal Bureau of Standard kven so 
oon ! nelude ‘ e of the FeO, that may be 
present mn the lia Because of the difficult ola 
netite chemical method Cerro de 
Table Vi Copper Balanc« 
24) 
t i 
Liane Cory pet le t developin a method 
ine thie cal magnetomet With 
f sample distance, densit the 
! A charm | nia 
! l amounts of pyrrhotite ote ire not large 
er te rite fore 
Forms of Copper Found in Reverberatory Slags 
Exact researc vor or reverberators lag 
pe ble becutise the mar imiable 
} charge and slay compostitior eneral furnace 
tition i temperature converte! lag addi 
thor ‘ ate ete Therefore, copper metal 
i ts cdifle widely on the forms in which copper 
ecu ! everberato la Most recent invest 
i eof the opi n that a large percentage of 
the copper ry theese present a ilfice 
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present chemuica malyse leach test microscopu 
ete whicl ipport i imption 
Microscopic polished section studies of Ore i cop 
ye la were undertaken by the petrologist and 
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have revealed the following to be usually present 
cate fayalite, melilite, pyroxene; oxide ma 
nevite pinel, delafossite, tenorite, cuprite ilfide 
j tes, digenite, chalcopyrite, bornite, covellite; and 
metals: coppet 
rhe presence of delafossite (Cu,O Fe,O,), see Fis 
2, has been frequently noted in the reverberatory 
iu and seems to be related to the amount of oxide 
« fed into the circuit. An appreciable portion of 
hier ¢ er mineral mechanically locked in coarse 
ignetite, see F This confir the general in 
‘ n that copper loss is direct related to the 
ivnetite content Such a relation also evident 
k 5. Although thi relation ny doe 
ol alwa how tself in individual randor am 
‘ k $4 and 5, which were plotted from cor 
osites of no fewer than 197 imples taken duriny 
4} pe dd, are fairl epresentative and prove 
the direct connection between coppe losse ind 


Settling and Modifying Tests on Reverberatory Slags 


To obtain some pointers for future large-scale 
tests, experiments were carried out in the crucible 
furnace or ettlin of the molten la and on add) 
tion of 4 ite ind silica. Attention was al directed 

» the mushy ilhiea layer vhich can so often be 

bserved floating on top of reverberato | pa 
when furnace ure hard dt el Fach of 
nese ¢ periment wi repeated at least three time 
The result ine ummarized in Table I 

As pre ousl tated, a slight reaction take place 
bet eon the la and the crucible wall Th how 
ove limited to the periphet the cente portion 
f the slag lying undisturbed. Even th ht ve 
ection apparentl cease when the ! ignetite con 
tent of the slag is reduced to a negligible amount 

The following trends were noticed in the result 
these expe riment 

1) Copper in the la definite] ettle t lowe! 
leve vith time 

,) rhe addition of pyrites by sprinkling on toy 
{ the lav also lowers the copper content of the top 
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usual quantity 
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}) Addition of silica to the top of the slag doe Po 
7 
not have any effect n owe if the coppel content 
+) A mixture of 50 pct pyrite and ov pet ilica 
emove copper trom the ippe lave! ol la but | 
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Preparation and Properties of Boron Treated 


Nonaging Open Hearth Steel 


The high ductility and nonaging characteristics of boron treated low carbon open hearth 
steels have been demonstrated both in laboratory tests and in commercial deep drawing 
applications. The addition of more than 0.005 pct B, in the form of ferroboron, seriously 
affects the rimming characteristics of most low carbon open hearth steels. In order to 
achieve the desired total of 0.007 pct B required to avoid strain aging and yet not sup 
press rimming, it is best to use at least 0.004 pct B as a capping addition. The efficiency 
of the boron addition is greatest when it is added prior to the aluminum cap in a chemi 
cally capped steel. Nitrogen strain aging can be completely eliminated in such steels. At 
the same time an ingot to slab yield of 85 pct can be combined with an increased duc 
tility 
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latively 1 \ ruini ensi rve 1 ki The first im 
ryved in | ri pe han that can be observed is an increase 
The n th quired to produce plastic flow. Thi 
paper, called the aging index, A 
in mcreiuse there 
roof the yield point, an 
e strength, and a ade 

temper rolling 
in deep drawin tee] 


—E R. MORGAN, Member AIME, formerly associated with Ford } 
retche! train (ludet 


Motor Co. is Assistant Director of Research, Jones and Laughlin . 

Steel Corp, Pittsburgh J. C. SHYNE, Junior Member AIME, is Re band ! ! arin In deep drawn pat 

search Engineer, Metallurgy Dept., Scientific Laboratory, Ford Motor ch ( ul n irab and strain aging 18 a 

Co.,, Dearborn Ous probi The rate train uging of a steel 
TP 4437CE. Manuscript, Aug 2, 1956. New Orleans Meeting, P d Dol composition and prior mechanical 

February 1957 hermal histor } 


jut for most te mpe rolle ad Open 


TRANSACTIONS AIME JUNE 1957, JOURNAL OF METALS 741 


2 
7 


Fig. |—Schematic 


diagram of tensile est t and ohyne 
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C.O relationships in 
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tee! 


may con 


anneal 


Fig. 3 
curve for strain aged 
P steel Cl, containing 
0.000 pct B, and ich a iluminum or titaniun but this has the 
aged 14 days at lisadvantauye that it leads to a killed steel. Vana 

76°F 


Tensile test 


Phe amount of nitroven in solution can be limited 


by the Mdition of stror nitride torming element 


Table |. Results of Boron Additions to Rimming Steel Ingots, 
Heat A’ 


Heron form of num 


» Fig. 4—Tensile test Pet Beren Pet ingot 
\dded Addition Added Kimming Action Characteristic 
curve for strain aged 
steel C7, containing 
; 0.008 pct B, and 


aged 14 days at ( 
76°F 


Fig. 5—Tensile test 


curve tor strain aged 


that | ‘ o eliminate t 
steel C14, containing 
ite | commer compet tio? 
0.002 pct B, and ‘ror 
Boror howeve mild de« { ind the ot ject 


aged 14 days at 
76°F 
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mmed lew train a well advanced 
tre] theory iggvests that strain 
i be waded as the migration of inter 
tit ite ton ich us curbon and nitrogen, to 
those cutior Phi mportant factor which 
trie if t ! na iven storage 
: timne at ‘ herp ture the effective amount of 
He nd nitrogen i olution 
. > In order to produce a stror yield point in temper 
olled eel there must be wcordu to the Cottrell 
thed 4 il it t v1 pet ( I ol it on Phi 
this 
el 
Commercial! p pen hearth tee! 
— tain as much as 0.004 pet N in solution after —_—_ 
| 
Irom rimmed steel but it is loo expensive an 
illoyir iddition. Morgan and Shyne have show: 
nee 
‘ i ‘ t t led bie 
‘ 
| 
| the present work wus to determine the effective- 
re of bo minatil nit train aging 
from commercia mer heart? tee] without ip 
782) — 


Table II. Effect of Boron Addition Technique on Boron Content of Ingot, Heat C* 


Boron, Pet Analyzed 

Boron in Cap Boron, Pet Koren, Pet 
Pet rier to in Cap with at Ingot 

in Mold Aluminum Aluminum 


Ingot Total 
Kimming to Slab Aging? Flengation 
Center Condition Vield Pet Index in 2 In 


Table III. Effect of Rimming and Capping Techniques on Boron Contents of Various Heats* 


A\lumi 
Koren num 
Petin Petin 
Mold Mold Kimming 


Alumi Ingot Analyzed Boron Analysis 


Koren num to Slab Pet in Inget as Teemed 
Vetin Lbin Vield 


(ap Cap Ingot Condition Vet Center Hottom ret ¢ 


0 00% 


00045 
0 004 
O01 
0.007 
0 004 
0 005 
0 005 


0 004 


0 00% 


Boron in Rimming Steel content of 0.047 pet usually found in a 0.06 pet C 


rtant advantages of a rimmed steel ove: teel during teeming could exist in equilibrium with 


ts relatively pure iron rim 0.007 pet BO Thi mean that mold additions of 


yi Id, and its lower co to p 0.007 pet or le of boron would not be expected to 


pure iron surface endow combine with the oxyz ia typical 0.06 pet C 


properti in the finished teel and affect the rimming action. This boron con 


exactly that shown by Morvan and Shyne’ to 
region results from the re fy ve in suppressing aging in laboratory 
carbon and oxygen from the 


ubsequent combination bor i | is in the form of ferroboron (17.5 


pet B) were made 
rimming ingots prepared from 

rimmed skin but k vigorous rim i ) eal heat. The re are given in Table I 
nin in which ‘rimming action wa 
olidified ingot. Overvigorous rimming lead to deep l ) ightly retarded 
ingot top and a poo! yield. It 


Val a aseous CO. Thi reactior termed i mot arbide (45 


Rapid evolution of gas ensure a satl 


mil can leud to gas cavitie near the urtace of the 


au gradual improve 
j n ! imi action was detected after about 


nount of oxygen and carbon be | ngots which were rimmed showed a 


oO Pive ullable rimming condition 1 yield and we 
(=f) product (ie 
0026 to 0.0040 


re aving, whereas the semi 
were nonaging with a high boron yield 


ion of boron arbide Wa not a ati 
the open hearth contains an exc of addition o rroboron because it 
compared with equilibrium condition ve and gave a lower boron 
educed somewhat durin j ! I hed t 
to teeming, Fig. 2, but 


eel. All subsequent mention of 
additior Will refer i of ferroboron 

amount. The exces of | otherwi tuted 

olled by the jou 

desing Boron in Chemically Capped Steel 
equilibrium relationship be A chemically capped ingot is one which 


usual manner but 1 


n molten te as deter illowed to rim in the 


to th dat: jue ntly emikilled by the addition of a deoxidizer 
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< 
Ingot 
No 
OO G i om BOM 20 
0 002 Slight et led uy ‘2 
0.004 hit et fed 49 7500 2 
0 O08 ght etarded uu ooo 
( 0 008 ht et fed av 
‘ 04 ( “7 Slight etarded ‘ 4) 
004 04 0 008 Slight et ted 0 42 
om 0 00 000 Slight et fed ( ‘ 
‘ 004 0 004 Oo ht et ted 7 ‘ 41 7 
; 0 004 Of ht et fed 70 oo 42 
0 001 G i 200 7 
0 Good #2 6900 
007 0 002 Good “ 1600 42 
* Stes t 007 pet ind 0.043 pet O as teemed An additio f pot A ule to « 1 during tee 
The crease in flow stre produced t prestraining 10 pet n2is md aging for l4d it 76°71 
Meat 
Ne 
i Of 0 004 wht retarded 006 
ool 0.004 Retarded 10 Light bleed 0.007 
ie 0.004 Retarded 10 bleed ‘5 0 002 oo 
0 007 ght ret led 10 N i 0 O04 
0 004 ght etarded 10 47 O00 
0.004 0.004 wht retarded 10 KY 0.004 007 O04 
0 004 004 wht etarded 0 004 10 0 008% 
004 Good 0 007 10 
0.004 0.004 retarded 0 004 10 Cove pped i4 oot ool 
0.004 ht retarded 0.004 6 H bleeding 0 006 0004 006 
Slight retarded 0.004 4 Mediu bleeding ue 0 005 0 005 
ht etarded 0.004 lo Light bleeding O06 005 
0 004 ghtly retarded 0 O04 0 005 0 005 006 0 O52 
0004 ght retarded 0 004 . ‘ 0004 0004 
0004 002 retarded 0.004 10 0008 0 004 
O04 Slight retarded 0 004 11 000 
G 0.004 0.003 hit retarded 0 004 10 0004 0004 — 0 065 0 042 
0 004 002 hit retarded 0 004 10 004 O04 
( whit retarded 0.004 ll 0 004 0.004 
"All t ‘ ‘ dditi | te i im pping 
Phe 
killed steel arc 
high ingot to slab 
luce. Having a relative y 
it with superior surface 
heet form 
rhe rimmed surfi 
jection of dissolved 
important 
controlled 
A itistact 
A a} 
en | 
This exce 
rir 
ippin 
l exceed he equi 
Can be readily 
addition of aluminum a 
I 2 also shows the ; 
tween oxygen and boro: [i 
mined by Derge” According 


2000 


Strawn Aging Characternstics of Boron Treated Steels 


Table IV 
Produced trom Ingots Showing Normal Capped Characteristics 


timate Total Nnalyeed 
blengation Koren 

Aging \ging strength Petin entent 
Dreatment Indes si Wt Pet 


of 0.007 pet | 


not nece 
boron 


the di 


vith 


boron Wil 
if the Table V. Results of Boron Treated and Regular Steel Processed 
into Mercury Door Panels 
storage 
Period 
in 


Analysis 
Ingot Keron Pet 
in Ingot Performance 


No 


OO04 
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nul ‘ if tee the Col Phe tot elor ition (in 2 in.) of the intreated 
‘ ‘ ‘ Pile rorned irface cha tic of len pet trie il ea inneaied ) onda 
ane +} this } + ty ib vield here DO treated tee] whicn were 
ete f sermikilled ste« It was anticipated nor exhibited a total elongation of 42 pet ever 
n and thus result in a highe iditior tet a general ibserved phenomenon. Typ! 
‘ ene tre train curve to me of these leels are 
wit ecessfu ¢ chemical capped en in nd 5. The results also show 
‘ t the effect of be ipon romiug I the i index had exceeded 
rit ie boron and boron Ca 
j 4 ‘ 4 the mold du hie trie rit Wriicl toe lok ted 
ther heat (heat HK) and it was observed that Prot cation to application. Howeve its 
ohad or etarding effect fe 1 ime that a steel which not demor 
Phe compe tion of the tee] t teer ! te i “ ! rice of more than | p Will not 
eve 006 or nd 0.065 pet O. Th exhibit tretcne il my ine Ope tion 
Im the ey] ition of ingot 4 the cappin idition 
. Ni t stirred, whereas in the preparation of ingot 
- 6. and 7 the cappi fditior were thorough 
trated by the absence of aging In ingots o, 6, and « 
In the « eof the mixed ferroboron and aluminum 
cul t in vas difficult bee ise of 
1} ditheult Nid most appa ent to npot 
l and 12. It ignificant that the boron yleld wa 
‘ i alwa lowe those prepared by thi 
f ‘ ‘ teen jie 
The cor pletel cece ful nona n ingot oO 
‘ 
i j thie most iccet ful ingot 14 ill pro 
duced boron capping prior to aluminum Capping 
ivvested that tl was the best capplt technique 
i sano 
i It ivprising that ingots 11 and 14, which con 
et “4 " tained no more than 0.003 pet B, were nearly not 
i ! ‘ | image the exa erated aging test con- 
ditior ised. However, it must be ted that 
based on experimental allo containing more nitro 
Od en than the present oper hearth teel. A eusol 
ible ire for the minimum safe boron content In 
the present per heart teel appeal to be about 
0 004 pet 
pe The important boron content 1 arily 
the total boron present but ithe: ml which 
ellective tres to combine olved 
fuct (0.0039) was abnormally higt o that 
bie il al ome oxyven by the 
: i (on the b 
two experiments and the result 
le feud ‘ rie ‘ 
af itistact Wil 
: future heat 
t! thie ptinum value of 0.007] pet recommended 
the extra boron a i additiot 
na i cuppil idadit ! i ‘ 
' od boron distribution in the i t. Phe 
tre culate listributed only if were — 
vided to turbulent metal and therefore it had to be 
thy to vith the mal aluminut! rit el boron present on oxide not 
lditior Phese two addition technique ntribute to the f tion of the B-N complex 
ere ed and the result ‘ ven in Table I If some of the boro lized alte t added 
t} wre , tt il i for invots 8 1 14 of to the mold dit floats to the top to form a i I 
+} heat (heat C) can be accounted for | the fact is mechanica entrapped, the amount of effective 
oceu ed dau ! thie iKit pe present trie 11d fepend ely 
{ thre k ha hown that boron treated ipon the cappu | tice An aluminul 
a heated steels without borot ( to | n which can be reabsorbed |t the 


mechanically 
would increa 
The effect 
tudied and 
Table Ill 
Severa 
result 
1) Phe bor 
deoxidation 
case a normal cappit 
overcapping and deep] 
low C-O product of the steel us teemed 
2) Even when the 
oxidized in capping, as in heat 


tively high boron yield within 


Table VI. Results of Regular and Boron Treated Steel Processed 
into Ford Front Fenders 


Sierage 
Scrap Kepaired Veriod 
Ingot Type Parts, Pet Parts, Pet in Days 


ubsequent ting howed that those it which 
vere subjec » bleeding also exhibited avin 

The impheation is that when capping dort 
not ifficrentls pl the tree x) content ol 


the teel, the boron will not ex in an effective 
form 

4) All ingo containing more than 0.004 
inalyzed boron and showing normal capped cl 
teristi ich a a flat lop light crown 
capping, were completely nonaging unde1 
conditions. Examples are given in Table IV 

In order to obtain successful boron treated non 

essential that the ox‘ 
controlled within cet 

probably t achieved by 
w hie ii Wil | tapped 
At that carbon le 

within the satisfactory limits of 0.0026 to 0.00340 

at teeming. A standard preparation technique cat 
then be apphed with reasonable a 
mal ingots w * produced 


Laboratory tensile test howed that the 


ron additions used did not impair the duc 


o borne 


] Thi Wa al 
tockwell hardne 
ve In cementite 


which 


Rolling and Annealing Procedures 
hown that boron tre: 
ibbed in the irre 
rade. Under nor 
boron 
able 
irlace 
detect 
nan for 


he reheate la int Discussion 


1540 F and then coilec 
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Boron Treated Steel in the Stamping Plant 


ofa nonagin teel lu 


and the retention 
of boron ated 
nation a quantity of thi 
ito Mereut panel 
hallow draw o that at 


! tretches 


ed Lert thi 
ither of the 


the boron 


boron treatment 
a considerable 
tested by 

ts of thi 


rolled material 
‘ iperborit 

ip and split 
ision from lab 
ather than de 
bon open hearth 


characte! 


thank to the 
tance md en 
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remaining liquid teel. At the ame time the re perature Lhere bvious dillerence 
moval of oxygen from the molten stee hould re t ‘ ! it lemipe I ( vilhin the rat : 
ilt in the reduction of the bk mn oxide whict 
t metal. Th ‘ il were cold reduced 60) pet 
actice vere t} } tist Annealiu evele normally 
nma ed ! ised emicy Doped teal Were 
ted Phe material howed only 
from these ! mal sensit ty to ition n annealing pric 
Lice ! le iture of Al recom 
nthe ce ret ended 
t DD lr th tie ted cre capped material ha 
VI duct trie mad h ben 
b Al led 1 : 
cause of the cle ine ‘ ‘ 
! Operation 
Wa “a rel 
nm ductilit through 
te tud thie Ince 
tee! 1 tretche train 
material was processed 
Phi part require a 
tendency toward the formation off strain 7 
Pable \ 
8 treated, che ipped est ned the record period of hot we 
imine f 1955. It wniticant thar 
treated ste howed no ns of aging : 
In orde t tudyv the effects of 
on the ductility of finished sheet st : 
puantil treated materi 
lrawit nto Ford front fende 
test ‘ eniu lable VI 
When processed fresh 
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nthe form of uw lowe percentaupe 
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Reduction of Nickel by Hydrogen from Ammoniacal 


Nickel Sulfate Solutions 


This paper is an account of a detailed examination of the reaction by which nickel 
can be precipitated from aqueous ammoniacal nickel sulfate solutions by hydrogen at 
elevated pressures and temperatures. The thermodynamics of the reactions are discussed 
and the behavior of ammonia is illustrated. A mechanism is proposed to account for the 
catalytic effect of ferrous salt additions, and the effect of variables on the autocatalytic 
nature of the reduction is described with particular reference to the dependence of the 
reaction rate on the available surface area of nickel metal 
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thie ‘ nh, CO} cata t added a before ind a new cycle 
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YVN 
fide concentrate 
per, 
olution } 
to JO per liter NH Metallie nickel educed tre fron if eneral wa 
th olution by hydrogen under pressure at 400° pi chaufelberye 
0 Foin mechanieall ipituted ‘ The experimental data presented in thi 
cata lerrou iitite etuken the work done rm the Re eurct 
the first reduet After the reduet the depleted t of Sherritt Gordon Mines Ltd. in = 
more compact, resulting in the product fay the Nickel Refine of She tt Gordon Mines Ltd 
ler with higher apparent densit euse Fort Saskatchewan, Alberta 
reciuctior te med (ter ( il 
she ‘ : General Experimental Technique 
en hie oof i ‘ ‘ i cl ‘ 
Lhe expe ment were carried out in a stain 
designed und 
ades bent to throw downwards) and a radial flow 


four straight blade impeller placed 3 in. above. Both 
impellers had a diameter of 24% in. The stirrer wa 


rotated at 730 rpm* except as otherwise stated 


A 2.5 liter charge was placed in the autoclave 


Fig. 1|—Redox poten 
which was then closed and purged with hydrogen tials at various pH's 


The rotation of the stirrer was started and the solu in ammoniacal 
tion heated with an external burner. The tempera nickel salt solutions 
ture was measured by a thermocouple fitted into a 

thermowell through the head of the autoclave. When 


Table |. Relation between Temperature and Reaction Rate 


Keciprocal 
of Absolute Kate Con 
femperature stant 
Temperatures 
Min 


Fig. 2—Logarithms 
the required reaction temperature was reached, the of equilibrium con 
pressure gage indicated the vapor pressure of the centrations of nickel 
olution. Hydrogen was admitted through an open at various pH’s in 
ing on the head to a total pressure equal to the vapor ammoniacal salt 
pressure plus the desired hydrogen partial pressure solutions in presence 
During the reduction, samples were drawn at con- ee 
venient time intervals for analysi 

The data referred to in Figs. 13, 14, and 15 were 
collected from experiments carried out in a 2 ft diam 
by 7 ft long horizontal autoclave with three vertical 
impellers 


Thermodynamic Considerations 
The chemical reactions involved in the reduction 
of nickel by hydrogen in ammoniacal solutions are 
Ni* + H,= Ni 2H Fig. 3—Reduction 
H NH. = NH. ‘ of nickel at various 
initial NH,/Ni 
lto6 [Ni(NH,)n NH, = [|Ni(NH,)n] ratios; nickel metal 
[3] powder used as 
catalyst. Numbers 
refer to mitial 
favors the forward reaction in Kg l while, according NH,/Ni ratio 
to Eq. 3, it retards the forward reaction in Eq. 1 by molar) 
reducing the simple Ni’ concentration 
A semiquantitative treatment to illlustrate thi 
dual effect of NH, is as follow 
a) The redox potential of the ystem H 
given by" E 0.060 pH — 0.030 log an 
where an, is the activity of hydrogen. At constant 


According to Eq. 2, increasing NH, concentration 


ionic strength, and assuming a direct proportionality 
between the solubility and the partial pre ire of H 


E 0.060 log | — 0.030 log pu [4] 


where Ek l the potential at unl H concentration 
and unit H, pressure, |[H’'] i hydrogen ion con 
centration, and p he hyadre mn partial 


pre 

b) The redox potentia h m Ni(lI)*/N 
NH 

3 

0.030 log at wher 


Fig 4--Reduction of nickel in presence of different concen 


et equal trations of Fe 
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tat peed of 730 ry the ngement used found 
= e the t peed Be the ti peed 
the t fe ild be @ the te ‘ 
| 
‘ 
oe 
‘ Min ty 
Th 149 422 0.00237 64 1 56 
$2 164 0 00229 2 
177 45 0 00222 23 4.35 4 
400) 204 477 0 00210 15 6.67 
i 
2 
2« 
60 
. 
a 40 i 
z 
\ 
20 
. 
Time 
; 
uct 


At constant tye t} i equatil 4 and to obtain afi x 
fo the « juilibrium metal concentration 
ere 10 
j ( 7040 ] 
H 
(11) 
( 
( 2 log 
0040 
‘ iv 
(NHL) ( ted inst log [H'] in Fig. 2. Again 
he qu ‘ I I ind p will fix the ab olute 
| f the curve he concentration of Ni(II) 
19] t equilil i! therefore minimum between log 
By combining Eas. 5 4 i 679 and 7.30, when nickel is mainly pre ent 
ition as Ni(NH,) ion No experimental 
! f concentration data are available to illus- 
‘ 1 te the foregoing the etical discussion. The data 
ko {NH at ehaufelberger’ correspond only to the left 
hand ie of the curve in Fi 2. ‘Ime} howed the 
bie olf ‘ pil curve to be 2 in apree- 
esult ent th the the leveloped. Later work 1n the 
equ ov bye tt lin aboratot when both nickel 
| ‘ », al t ‘ ent in solution, also showed a 
ou rele hese comdait eof Pf either the log N vps pH or log Co 
7 rr H curve for the low pH range 
Effect of Ammonia 
Decor ce. it has been found that when there are, 
iH i the on nal solution, 2 mol NH, per mol Ni, the 
tter ! be completely reduced, at the end of the 
— eduction, a the NH, is neutralized by the H’ gen- 
j i 0 030 erated In the case where there 1 le than the 
) ) t hiometric amount of NH, present in the original 
, s vhen all of the NH, is neutralized the pH 
{ thie ition droy and the reduction stop before 
ill the nicke reduced. When there are more than 
; tate =. NH. per mol Ni present originally, a the re 
00450 bk j fuction coeds the ratio of concentration of NH, 
i 1] } to! el crease The complexing of more of the 
esults. and a point is reached where the 
tration o low that the reaction stop 
series of experiment erves to illustrate thi 
j it ns containing 70 per liter Ni were 
) tH’). 6.79 epared for the reduction experiments using nickel 
mmoniu ilfate lhe initial NH,/Ni molar ratio 
0.050 0.050 and 4. The temperature of reactior 
rf 14 ained at 400°F and the total pressure at 
corresponding to approximately 400 psi H 
0020 0 020 The 100 pr ter metallic nickel with the following 
i] cree! A ised as a catalyst 100 4 150 
! » 1 pet 150 200 mesh, 6.3 pet 200 + 325 
ed potenti ‘ (Il) na 
Hi /ti, ma ret iy oe 
poe ! f the Il) } 
tities, | I nere the tia 
he 
curve. A cl ‘ 7 
lightl thie ‘ the 
Ve ine ih that | +} 
‘ 
ward re ‘ 
ediate | ‘ > 


ve, the f re ‘ 
he H'/H, ecu ! mt Fig. 5—Reduction of nickel at various temperatures with Fe’ 


An alternative apy cht i! ‘ ‘ car catalyst 
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4 


mesh, 

pet a 

The data are plotted n Fi 4 Th rapt } ‘ 4 \ ! 
5 


that not all the nickel was reduced when 


concentration of NH Wiad much } he than that 
required for neutralizing the acid formed lu the 

reductior It also shows the abrupt endin f the 4 \ 


reaction when the tial N oncentration was v 
reaction when the initial NH, conce Fig. 6—Log K vs 3 \ 


much below the toichiometric requirement In the 1/T plot, Fe \ 
experiment that follow the nitial NH N rat catalyst \ 
was about 2 2 \ 


Reactions Involving Ferrous Sulfate as Catalyst 


During the development of the proce in the re 
earch laboratory of Sherritt Gordon Mines Ltd., 11 rl 
was discovered that the addition of a ferrou te cefh 0024 023 
the olution not only catalyzed the eduction of L 
nickel by hydrogen, but also resulted in the pr Toate T 
tion of a very fine and active nickel powde Later 
t was found that with increasing concentratio! of because | each Mo! OF Nica educed 2 mol NH 
(NH.).SO,. the catalytic effect of ferrou 


determine the effects of the concentration of terrou j 
ion, the reaction temperature ind the (NH,).SO calculated. These ilues and the corresponding tem 
concentration on the rate of nickel reduction en perature runctiot sia en in Table | 
ploying FeSO, as a catalyst l 
In thi tudy the olution used w: preps ed with The plot of lo \ i hown in Fig. 6 doe not 
aqueous ammonia and nickel ammoniun ilfate te l 
give a nickel concentration of 70 g per liter ind a vea stra ht line « ! probabl to many factor 
NH./Ni molar ratio of 2. The temperature was main of which the variation of H. solubilit vith tempera 
tained at 400°F and the total pre ine t 650 | ture one Che solubilities of HL in water at variou 
temperature md constant partial pressure 
Ww, A fH have been determined If the same tempera 
Table Il Relation Between and ture coefficient of solubility change | issumed for 
A thie used, co ech on the reaction rate 
he made lloweve the corrections were found 


ection an ap 


ibove 100 


nt etlect f ter ‘ ature or the reaction. rate 

( cludir the solul ty effect) wv letermined for 

two temperature mee (00 to 350 F and 350° to 

At hiehe temperature other factor uch 


corresponding to a@ partial pre ire of H ft about expected ite Thu the apparetr ene! of activa 
100 p The agitator speed was 640 rp The dat: slam is ben 1 400° to 350°F to 65 


are plotted in } keonl at to 400 


A plot of (a measure of the rate constant, Kk) Kinetics of the Reaction Involving Fe Catalyst 


Thi hape of the curve hown in Fig tf and 5 

per liter present nsert ol e found to be close to parabolie except toward the 
Fig } The (} ilf | fe time) thie end of thy reactiol A ' lot aft nickel (or Ni ) con 
for reduction of 50 pet of the nickel in solutior Ay centratior i rnst the juare of tine hould there 


xperimental point 
tion. Thisi n agreement with catalytic reactiol it r otty ead vere taken from the top por 

general. At the very high } neentratio tions of the curves in Fig. 5. The values of NH, con 


values of (1t)* in 


Effect of Temperature rm f the rate curves can be 
The effect of tempe +} ite of | thie ult pt on are made 
the The ate of reduction is directly proportional 


ti i (for th t of experiment 2) The rate of formation of the nuclei is constant 


follow the progr of +} reactior bly where equa neentration of ekel NH,) 
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u 
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Va prepared from aqueous ammo ind pheretore 
Wate te we () rye ter ind 46 de 
per liter NH, (NH/Ni molar ratio of 2). FeSO, at 
1.2 g per liter Fe’ was added a cat t. The par ; 
tial pre ire of ntaine for 
experimen n ese pr i dt 


equals number of nuclei, and t equals 


and from 


wward the end of the re 

whereby the 

agglomeration of 

roscopic) pal 

wcroscopic particle The significance 


Fig 7--NH, concentration vs t plot, Fe — catalyst iis phenomenon will be illustrated further later 


Effect of (NH,).SO, and a Hypothesis to Explain The 
Mechanism of the Fe’’ Catalyst 
The addition of (NH,).SO, to a reaction system 
ng Fe’ catalyst was found to retard the reaction 
reaction cannot proceed if the concentration of 
moniun ulfate in solution exceeds a certain 
itical value. This critical concentration depend 
on other solution condition 
One series of experiments illustrates this point 
The solutions used contained 45 g per liter Ni and 
6 r liter NH, (NH,/Ni molar ratio 2) and 
ent concentrations of (NH,).SO,; 1 g per liter 
added as FeSO,, was used as a catalyst. A tem- 
00°F and a partial pressure of H, of 400 


ntauined. The results of the experiment 


«t of (NH) SO. on rate of reduction with Fe 

atalyst Numbers mdicate imitial (NH),SO, NiSO, rat plotted in F 8 A plot of the reciprocal of t% 
molor : tial (NH,) SO.,/NiSO, molar 
is strongly 

concentration and above 


rate j infinitely low By 


curve of (NH,).SO,, see in 


an be hown that at an initial ratio 
per liter Ni) the time becomes in 


Table II. Relation between Temperatures and Rate Constants 


Temperature 


Fig 9 Reduction of mckel at various H pressures nickel 


metal powder used as catalyst 


last experiment, all the metal reduced 
wall of the vessel, indicating that 
e only the wall were acting 


noticed that in ca of low (NH,).SO, con 


! a turbidity was obtained when FeSO 
ded, while in case f very high (NH,).SO 

ons, the solutions remained clear. These 

ul ‘ that at low (NH,).SO, concen- 

Fe(OH)., wh probably is responsible for 

formed. The metallic nickel nuclei 

lv then behave autocatalytically. The 

oS se SO, concentration increases as the reaction 

Fig 10 Reduction of nickel at various temperatures, nickel roceeds and, when it is too high for the Fe(OH), to 
metal powder used as cotalyst table the latter dissolve and the acceleration 
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iron added was finally found the 


tops All the 
solution in the Fe tate 


Autocatalytic Nature of Nickel Reduction 
In the preceding paragraph, the kinetu 


reduction catalyzed by FeSO, have been 


The following discussion 
of nickel reduction when metallic nickel Is presen 


as a catalyst 


will concern 


Metallic nickel is known to activate hy 
‘ hydrogenation catalyst Since 
nickel is the product of the reduction reaction 
discussion, it understandatl that the rei 
hould become 
f reaction 


hould accelerate and the order of 


iutocatalytr lat IS, the 


be negative (even when metallic nickel 


catalyst present) 
In practice, however n found both 
and in the plant that, as a rule 


the laboratory 
as a catalyst, 


only metallic nickel is used 


Table IV. Relation between Surface Areas and Reaction Rates 
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Observed Corrected® G 


ro ordet 
isually they can 
perimental conditior 

A zero order curve correspond 
action in which the concentration of the 
not change during 
product 
catalytie 


Howe Vel 


Fig. 11—-Log K vs 
1/T plot; nickel 
metal powder used 


as catalyst 
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) Effect of nickel catalyst concentration on reduction 


Fig 12 


rate 


ratio of final weight to initial weight. Thus 


1, the initial sur 


final sul 
and W,, the initial 


the final 
W, 
W, 


the relation between and 


values commonly encountered, 


Assuming a direct proportionality between the re 


urface area, it can be seen that 


action rate and the 
than one quarter of 


f the deposited weight ts le 
inal weight of metallic nickel, the increa 
than 16 pet. The 


ris ‘ 
urface or rate of reaction 1s le 


therefore not large enough for the 
viating appreciably from a straight 


curve 


ause the curve to deviate consid 
line are numerou Amony 
in the reaction ordet 


a deceleration of the 


of nickel powder approaching the 


maintaining suspension under given 


on condition (In this case, the growth of the 


kel particles in the course of the reduction cause 
to settle to the bottom of the autoclave, there 

ing the effective catalytic surface area.) 

toward the end of the reac 


Depletion of Ni 
of its concentration become: 


© that the effect 
nounced, (TI is especially true when start 

NH,/Ni molar ratio greater than 2.) 
kel particles to 


«i 
The tendency of vet fine nic 
a decrease in the catalyts 


if the factors which causes a change in the 

order toward the negative 
reaction, is the initial gradual 
equilibrium between hydrogen 
en, and adsorbed hydrogen 

lot plant seale reduction runs ha 


ide, an 


an original nickel catalyst has been 
with a solution containing 2 mol 
the reduction curves alway how 
ie, the rate is constant from the 


end 
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indicated when the latter ! same degree 
It remains to be shown that the reaction 
rtional to the surface area regardless of 

f the catalyst particle 
e of Rate of Reduction on Hydrogen Pressure pilot plant scale operation (run No. 23, 
16) carried out in 1952, a quantity of nickel 
) g per liter) was prepared and used for 


reduction (called densifications), re- 


r Ni each time. A sample of the 
awn after each densification for 

urement of the particle diameter 
t five densifications of a cycle 


uniform in size. An appar- 
« area of a single particle could, therefore, 

deduced. From the total weight of metal, the 

f particle could also » calculated and 

total apparent surface area. The times re- 

the complete reduction, the reciprocals 

ve as a measure of the reaction rate 

P ‘ ined from the Operational Log Book 

Temperature Coefficient of the Rate nent data are combined and given in 


100 
let ‘ ! tant expressed a is plotted 
apparent surface area in Fig. 14 
irect proportionality between the 


catalyst after a 
may be written 
original weight 
the nickel de 

ification, ; is the number of 


total wer may also be ex 
rnd, where ris the average 


the number of particle 
nickel. Equating the two 
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t the number of densification 
ht line, with a slope equal to 


Dependence of Rate on the Nickel Catalyst ee ee ee 
Concentration 


ion from the straight line at the 
to the initial four or five densi 


al curved portion has an increa 
indicating that n 


constant and 


Fig. 13-——-Growth of 
kel ick 
Dependence of Reaction Rate on the Surfac c Area Of = — 
The Nickel Catalyst and the Growth Pattern of The 
Nickel Particles During Reduction 
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in apparent energy of activation of 
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A comparison of the number of particles at l and Lid. for providir 
at i » lve a ratio of 4 Thu the proce of a ent to work « 
glomeration, which result In a decrease nm the to pul hy the 
particles at the end of a nicks reductior atitude to F. A 
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neration cease depends on mat col 
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C PECIMENS of five cat 
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Fiq | 053 pet copper a LEFT Intercrystaliine bes 
muth in the polished cross section Electropolished im an 
orthophosph solution 135 spec fie gravity) using a 
voltage of 19 to 20 volts, and etched in a 10 pct solution 
of ammonium pe rsulfate X500 b RIGHT Inter rystalline bes 
muth on the fractured cross section The small outlined 
areas are the remnants of the bismuth film X1050 Reduced 


approxsmoately 25 pct for reproduction 
vt y 


Fig 20043 pct Bi im copper a LEFT tntercrystalline 
particles of bismuth in the electropolished and etched cross 
section 4500 b RIGHT Composite of two areas on the 
fractured cross section showing particles of bismuth 1050 


Reduced approximate ly 25 pet for reproduction 


Fig 3.00064 pet Bi in copper a) LEFT Intercrystalline 
particles of bismuth in the electrop lished and etched cross 
section X500 b RIGHT Particles of bismuth on the trac 

tured cross section X1050 Reduced appr yximately 25 pet tor 


re produc tion 
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temper-brittlene effect resulting from 
‘ tion of bismut! without precipitation, 
tre iin boundarw The above 
tu though the tend to support Samul 
that thi te talline film not 
t} } preset ‘ | i econd phase 
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Dissolution of Lead Sulfide Ores in 
Acid Chlorine Solutions 


The rate of reaction of chlorine in aqueous solutions with galena is first order and both 
sulfate and elemental sulfur can be formed, the latter via the hydrolysis of sulfur chloride 
which adheres to the ore. At temperatures above 45°C the reaction ts transport-controlled, 
but at room temperature mixed chemical and transport control operates. The chemical rate 
constants have been evaluated and the energy of activation found to be 21,000 cal per 
mole. Under certain conditions the formation of sulfur is zero order with respect to chlor 
ine, although the reaction also has an activation energy of 21,000 cal per mole. From 
quantitative kinetic data the conditions for maximum production of sulfate or sulfur can 
be predicted 


by M. |. Sherman and J. D. H. Strickland 


VINARY 
howed that whet 
fate the action of aqueou 


othe ilfide ore resul 
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chosen for 
pread occur! 
lattice 


init, S 


TIME MINUTE 


Fig. |-—Change of chlorine, sulfate, and sulfur concentration 

Experimental Procedure with time for 56 sq cm of galena Solution at 25°C, stirred 

The apparatus and general techniqt th at 300 rpm 
have already been described 


WorK 


For thi yury a small cell from a 
Absorptiometer (optical flats 1 em apart) 
by a preased microscope lide after fill 


chlorine and ilfa 


methods as those used 


‘ were curl 


aliquot 

cally, after dest 

drochloride and 

hydrochloric acid 
A large 


better than 98 


olution. One or two ore parti le 
nd the solution wa tirred 

peck of iron wire activated by 
magne The surface of an ore 
amined under a binocular microscope 


and 401 mnification 


Results 

nade under a wide variety of 
resentation of the data 
where the concentration 


and ulfur are plotted apvainst 


ration of solid sulfur is used 

molarity of sulfur which 

M_ |. SHERMAN is associated with the British Columbia Research f aq Orde he elementary ulfur formed 

Council, University of British Columbia, Vancouver, Canada J D j ! rei m were dissolved in the hquid in 
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fa or! d during a reaction cannot be calculated 
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ments in these laboratori 
pyrite’ produced onl ul > 
ehlorine olution on most 
ied formation of a 7 
mixture ol ilfate and ele ent thie pra > 
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duction of the tter bein lave eat i a ile z 
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Table 1. Collected Kinetic Data for Galena 


Initial 
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tration Temper \rea 
ature Mesh sq Cm 


Paperiments Papert 
Hilastrate ment Ne 


l ed at 52°C, Fig. 4, which was largely soluble in 
had the characteristics of 


and 


int of fur | luced wa umed equal t © ex] ment which will not be described 
the difference between the soluble lead and sulfate vere made with a cast slab of pile irradiated 
ine The total ilfate ed, om ntainir to measure the rate at which 
eater than th yluble sulfate, v then calculated lilute aqueous chlorine attacked sulfur to give sul- 
ibtractu th ol j ilfu ed ibserved rate wa very mall and even 


attributable to the action of dissolved 


Discussion 
‘ that Caeneral Kinetics —For a first order heterogeneous 
on vil ‘ chen ered na 

eaction tion constant k may be defined by 


~=k-—-C,, [1] 


of chlorine con- 


! ‘ the rate of decrease 


at a concentration of C,, mole per 


hernia tre d ti 1 the area in sq cm and V the volume of the 


Mie copie i natior ! i pia ‘ | 
reaction th el e sh ed that afte ; tion in CCS. As mentioned in ref. 1, the reac- 
nm the ore ered th piet n of chlorine with pyrite alway tran port- 
juid which were in continuous mot on the ore ntrolled, the reaction at the ore surface being much 
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bepan to se lif le ! t ilfu intil a \ 1 plot of chlorine concentration against time 
— phere ( ometime ed he here) th the data obtained with galena gave straight 
f sulfur re uned. Typre ‘ f untreate ‘ ndicating first order reactions In all instances 
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} ) and 4. The ‘ the ed with pyrite, but in most cases a good straight 
experiments wa ubstantial ble in earbor e was obtained for up to two thirds of the reaction 
disulfide and had a ver ' defined meltir ‘ 1, even then, the deviation was remarkably 
poimmt (95° to 100°C) An excepto ‘ thy ilfur ht cor leru that the ore particle became sub- 
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R R McNaughton, who qave the keynote address on Saturday to right D W. Johnson, R_ E. O'Brien, and TE. Kesler 
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On the tour of USBM Experimental Station in 
Albany, Ore, Charles C. Nolan stops to ex 


amine the display of a valve fabricated from 
titanium metal M | A | | | R GY 
Two outstanding luncheon c 


vere ne rd aay and sat 
istant 
ific Power 
the luncheon 
topie Wi 
ation o7 owe) Theory and Mechanism of Radiation Effects in Metals 


by George H. Vineyard 


Irradiation Effects on Physical Metallurgical Processes 


cu ed ¥ d by Donald The mas 
the world 

Two days o conference 
devote to te Irradiation Effects in Reactor Materials 
ing peolos extractiy metallurgy 


ling papel 


Nickel De 


Hannah Coal 

ALAME 

tequirement 

Proce ng 
Byler of 


Price: $3.75 


(AIME Members: $2.50) 


AIME, 29 W 39th St, New York 18. N Y 


Please send me a copy of Nuclear Metallurgy ‘Vol Ill 
Enclosed ws Check » Money Order for $ 
AIME members may be billed 


Nome 


talpl Address 
ndMD 
City and Zone State 
ippa 


Nonmember Foreign Order, Add S0¢ for Mailing 
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NUCLEAR 
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Gee 
lent 
are 
ada 
Coa 
Produc 
eon was R. R. McNaughton, metal 
irgical manager for Consolidated 
Dr. Kinzel, the featured speaker 
metallurey 
Among the  outstan( 
presented were: Riddle 
posit by W. A. Foster 
of the Wester Viney a 
Industry by Raymond 
Arthur D_ Littl Ine A 
and MAS M ( Fetzer Kase! 
Alumuinut ind Chemical Corp 
Streaming Potential im Flotation b 
of Mine r McGlashan gave 
i second outstanding paper, Rheo ” 
Consideration of Manganese 
Onde Ore 
During the conference the ladi« 
vere entertained with a morning : 
coffee hour i! i luncheon and : 
fashion she the Rose Bow! : 
Much of the sucee of this con : 
ference can be ittributed to the vorh F 
of the following: Donald W. Johr : 
on, general chairman, technica ( 
ons chairmen, Hollis Dole and Fay . 
Libbey, Geolo Pierre Hines and 
Emmot Coleman, MBD 
Mason and Chester Kershaw, | x 
nd John Anderson, France 
Vineent Belusko, Donald Ingvolstad 
Haruo Kato, Metals: Edward Vistica : 
eneral arrangement cna mart ind 
: 


} 
f 
@ ‘Thy i 
rado Plateau 
j | 
I} 


Montana 


Herrington, left 
' Honor trom Michael Tennenbaum, chairman of the Chic ago Section 


Section 
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i ce i 
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seen receinwing the 


© The St. Louis Seetion meeting or 
M scl ‘ Vii held on the can pu of 
the Missour chool of Mines & Met 
Rolla, Me The chool and 
the USBM held ope house 
Feature peaker at the dinnes 
i k Rolf Morral Battelle Meme 
Institute v he ead the 
on on the ibject of The Pro 
i Use of Cohalt Dr 
1 il illustrated } talk with a 
ancl fils nm ¢ r, Cobalt im Ka 
j Member of hie VNAAIME 
ittended the dinne md evening 
pore i 
¢ The Western Section Steel Grouy 
held a dinner meeting on March 13 
t the Rodger Young Auditorium in 
Angele Theme of the progran 
etractorti na i pre 
ente I ng how « ca, and 
refractor ire produced 
Pittsburgh Section met or 
\pril 18 at the Westinghouse Re 
earch Laborator Auditorium. Guest 
peaket for the occen or Vil J K 
taniey Crucible teal of 
\ a cu ead Der 
Stee 
e The Connecticut Section held it 
technical sessior ind annu meet 
! March A it the Chase Coun 
Club in Woleott, Cons After 
er iest heard a tall k 
inager of INDUCTOVA( 
Pilot Plant, ( ersal-Cycloy ter 
( | Bridgeport, P Dr. Vogt 
top \ Met j irt 
‘ ‘ iat cussed mp! 
t pe ! wuu 


‘ +h 


repotr ol 


committer Vas read 


Francisco Sec tee 


San 


On the Move. a new 16-mm color 
sound film, which runs 28 min, is 
now ready for showing. The film 
deals with the subject of transporta 
tion and points out the important 
role played by road building equip 
ment. The St. Lawrence Seaway 
project, material handling, and gen 
eral turnpike construction are cov 
ered. The human interest plot offers 
the story of a student engineer who 
is confronted with a career decision. 
A limited number of copies are avail 
able from the producers, Baldwin 


Lima-Hamilton Corp., Advertising 
Dept., Lima, Ohio. 
A film entitled Neu From the 


Coal Country is available for free 
loan distribution from Modern Talk 
ing Picture Service Inc., 3 E. 54th 
St.. New York 22, N. Y. Produced 
by the North American Coal Corp., 
the film can be obtained only in the 
following states: Hllinois, Michigan, 
Minnesota, New York, North Caro 
lina, Ohio, Virgini West Virginia, 
and Wisconsin. 


Key to Progre is a 16 
mm sound, color film available free 
from the Public Relations Dept., 
Armour Research Foundation, 10 W. 
35th St., Chicago, Il. The documen 
tary film which runs 15 min, depicts 
the role of industrial research in the 
nation’s economy, tracing the phe 
nomenal rise of research and its con 
tributions to the high standard of 
living in the U.S. It was produced 
by Armour as a public service. 


Research 


Zine Controls Corr on is a new 
sound color film of 38-min 
available free, except for 
from Rothacker Inc., 
729 Seventh Ave... New York 19, 
Produced by the American Zine In 
stitute, the film explains the basic 
cause of corrosion, zinc coating 
methods to protect steel, and a re 
view of fabricating articles from gal 
vanized sheet and strip. Some spec 
tacular examples of corrosion pro 
tection with zine are pictured: a 


16-mm 
duration, 
shipping costs, 


giant TV tower, the Brooklyn 
Bridge, and the new atomic sub 
marine Sea Wolf. State alternate 


choices of playing dates. 


f to explain the result ittained. Dr 
Vogt alse inalvzed the cnen try 
from a molten metal, relating me 
f the facto! and problen te 
pumping tems in commercial va 
jum meiting installatior Prior t 
the technica ‘ or the Sector 
held a hort busine meeting at 
' vhich time the nomi 
B —_ 
‘ d linner-danct Aux 
‘ ‘ lary in the Terrace Room of the 
A 
i ¥ Fairmont Hotel on March 23. Enter 
a tainment chairman Fred Lohse et 
4 gaged Rod McCaul orchestra and 
a oth ty flight entert ‘ whe 
— 
fy in 
Whi the Chieago Section et oF 
‘ \ this 
‘ 
! ini Ir nad 
if 
thie 
(i 
Mewt 
‘ 
! 
! 
Integ 
jl ect 
lerb | id the pre 
j Mia ! ' the Montana chool of 
Mit | Feat sneak 
J G Me t1 
‘ fart 
H ent excellent emperature proper 
the Mu tie He then offered some theorie 


Regional Steel Meeting 
Successful in Detroit 


The AIME Regional 
Deep Drawing Steels held in Det: 
March 18-19, attracted an unusuall 
lar pe ittendance of about 400 regi 
trants. Sponsored jointly by the De 
troit Sections « AIME arm he 

ial Open Hearth Steel Com 


unique onterence de 


to papers on the 


and tne 
ysical metallurg\ 
nical papel were pre 
nent authoritic 
Significantl hi gional meeting 
the center oft 
America. Many 
y of the 


took place 


Diagram shows cross-section view 


of Roots pump, Model VP-R- 1600. 


the auto manu 

tee] compan 
iuto bodi« 

1 the proce 

vere uch ul 
( ipped teel, me 


teel, deep di 


iluminum killed 


mill practice 
or n physic: metal 


were How to get vapor-free high vacuum 


carbon and nitrogen 


Hast... with the ROOTS pump 


phy ical properts 


influencing deep drawing behavior 

appreciation and testing of body Now you can. ompletely dry px uremthe tol 
heet, and selection and proce in using onl ( 7 hivh kcuum pumy 

of sheet steel for auto body panel Probably worl ; t pump in thi ' w Roots pumy 


Technical meeting were held in 


tip range 


the pacious facilits of the tack ks without th stcam ‘| 
ham Building. at the Engineerins A pair of finely machined rotary pistons do th 
f Detroit wever. the touch one another or the pumy ing, so the Roots pumy 


ot 
SRO ign was out ¢ Mon ny It annot oOntaminate a ystcem with hbackstreaming 


‘ ion vith ey 
torlum occupie Consider these other advantages: 
bound volume o he Conference 
Pro ing containing the technical 1. Speed. Thi mod | hown above ha 
papers presented will be sent later to throughput of 10,400 micron cu. ft 
ill registered AIME member and minute at 1O micron 


be available for ale te 


2. No shaft seals, no leaks. Vict: 


at within the vacuum 


ainne 


ing, March 18, with 3: 3. No by-pass or valving. Kouvliny | 


Donald Fre 
lirectly through the pumy 


4. Quiet. [hie pumy foe 
when in operation 
5. Low power consumption. 


th ! ! nd philosopn Und a licen with th 
AIME ! j Hana serman\ us Vacuum Arc Melting Furnaces 
chair? ako available from CEC Note 
Envineerins iy orn pump used. Furnace melts but 
Robert E. Mahr. Mi i] pumpint ons to ingots. Particularly useful for 
Chi nerform obtammng pure sample of metals with 
high melting points Information 
Beckwith, Comn iv | na operation, write for i d Bulletin P4.278 
urer. Detroit NOHC office: 
‘ 


chairman M Groat Gres 


Steel Corp and ecretar 


Clark Ford Motor Cs | > » Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 


if 
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voted the first day \ 
proce metallurs ! \ 
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~ 
~ 
~ 
~ . 
ipplying steel for 
Under discussie 
metallurg essiol! j 
ects as chemically 
hanically capped 
tecl, and hot 
At the ‘ 
these ; 
behavior of 
train aging, van a; 
ing: steels, clement 
ing properts 
Ih fons 
ik | no onl cal 
Vapor 
| 
per 
= | 
other 
A fellowship = vas held or ae, 
present 
chairman 
Speaker of the evening was J. Lanes not vibrate 
turnble reneral Motor or of 
Ru bl ( 1 ! ry 
Canada Hh adadre Bacl Tall 
Lakes 
Harry W 
othe! 
piannineg 
ful two-da ‘ 
hai i! Kennet} B Valentine 
OFFICES IN PRINCIPA rit (ROUGHOUT 
Cont ed nm 


RPI Courses Aim For 
emist Chairman will pommate the officers An Integrated Program 


elaect Polytechnic Institute 


‘ Tro. 
roy 


PURPOSE sbmitted to the Committee for ap- department of nucleons 


engineer these tudi« ire inte 

( ote rated with ten other cience and 
ACTIVITIES 

‘ ‘ ‘ er neering departmer \ccord 

port of th Committe eftfor ny o Parsegian, chairman of 


thie ence of tec lmar thy Engineering Facults 


("bye teu 


t sy ore techr thi ipproacl re effad 
‘ tit ‘ Meet VeLly cle velop thie il il et and 
ORGANIZATION f the AIME, and at the National umber of specialist ncluding 
4 Membership Blast Furr Oper rt ind pt t ene (a er nee! et 
a ‘ k Confers Ir i irgist etc. oF nor the nuclear 
fhe i seri of regional eet power industry must depend 
hip and are ol and eT neerig Par epian added a metallurgist 
participate probles ! teelmakit will be ean make hi best contribution to 
‘ TP nt ponsored ft the Pt cal the nuclear field by taku his ma 
of ter Kit Commit ter or doctoral degree Vithin the 
Officers thie ‘riou ocal sectior of department of metallurgical en 
Phe thie the IMF neerw and combine essential 
t i i ‘ The PI ‘ Che t of Steel non-nuclear course vith three to 
elected from the nu 


comprise i erie 


ring ke’ 


rt lf raduate course cove 


nt technical areas of nuclear work, in 
ntroductory and advanced 
if nuclear course n pny 
d metallus heat transfer and 


hemist! 


reactor 


ther 


and 


nagement 


chemical engineer mia 


thye ‘ bye ppomted thie riewe i ‘ 
of atomic operation and a pecial 
, key course that develops complete 
Abstracts Due For omic Exposition where enginees power reactor projects under the 
‘ Hien Cal uidance of everal nstructor 
1958 Nuclear Congress ve and discuss with industrial rep- number of these courses combine 

esenta ‘ laboratory experiments and lecture 

| i thy \te bye ad te ‘ rrently i iilable 


tudent 


martment can elect the ‘ 


N leur ¢ P) idelphia in 7 i total o that a craduate 


‘ ' I ‘ ittended the Exposition. With quence of nuclear electives to best 

ite With the ‘ ‘ cal riy to 

| | ial ‘ i i int o the prepare him for h future work 

‘ ‘ ‘ chee pid OV , 
! od ipid list the 195 There have heer approx matel 

hould attract ore 100 ~registrant for these nuclear 
the leaders! p ol John KR course during the current chool 


“ave 


San Francisco ESPS 
Elections and Awards 


The San Fran cr Advisor Con 


crete mittee of the Engineerir ocietic 


to Herbert A 
in for hi ork rm the 


Detroit Steel Meeting pl 


ele 


810 JOURNAL OF METALS, JUNE 1957 


I) 
oby | ap 
d 
Il be respor t furnace steelmakit 
bile ‘ thie tie thy tor iKé itl 
thy ‘ tev ree ry erence readil iV 
then i lar nature be ponsore 
the Nuctea year, nearl half of whor 
, nthe nuclear field are urged t Conere Poles Board Bruce kK beer crentist ind er neers of the 
pal ‘ hou Creneral Knoll \tomic Powe! Laborators 
‘ i mopect ofl riittes ma W Land 
md i! ha i! of thre NES¢ Conference 
: thy m7 ‘ ladelpl tte thy N ear Cor 
batract « due Ju ‘ expected t mirror all the 
ina IMI et | ree of the nuclear field 
tou ediately with Frank A re again urged to submit then es 
Rough, Battelle Me Institut proposed 
Kis Columbu is pe ble er 
page ‘ ndiied b ! tif 
Counesl Co-ordinated ement. Mr iwin, of 
wed troy page ru i vil Co etired ‘ ESPS 
managed \rnerioagr Institute of flier more than &t ear of service 
‘ ponsore Crone Motors ¢ publicit il The Branch anr inced the result 
the « ‘ i chairman. Charl W. PI f it election chairmar Bertran 
otic nlerested this ‘ fie ‘ M and Truett ASMF Ame ‘ Meter 
( ‘ tor be Hla W Clark I 1 Motor Ce (Co: vice chairman, Laure Wise 
orf eve th pre committer chairmet issociate editor Engineering Neu 
Laat t Rquipment Hart, Ford Mot ind M Record ecretary, Morr Weitzner 
‘ feret the Nation Indu her i Molybdenur Bethleher steel tre irer, Pau 
fers el i te ( hanquet cor ttee co-chair M. Ruedrich, Nopeo Chemical Ce 
nh Contere © will be Jone Mundle & i tant secretary, Bennett L. Raffi 
tof the 19 ear Cor Be Sprecht. J Electré ASCE. Rothschild. Raffin & Weirick 
t of the eur Metallu il ipplis mit ind tant treasurer, L. A. N 
‘ be the I ‘ it oe ¢ ‘ urmer mar LIME Equipment nee 


A. S. COHAN 


Alvin S. Cohan, formerly assistant 
director of public relations and ad 
vertising, Titanium Metals Corp. of 
America, ha oined the Public Re 
lations Dept., J. M. Mathes In M: 
Cohan } a former AIME Manager ot 
Publication ind editor of JOURNAI 
or METAI 


Howard J. Luetzow, former assistant 
metallurgical engineer, Argonne Na 
tional Laboratory, has been appoint 
ed technical sale representative for 
the Chicago district, Wolverine Tube 
Div Calumet & Hecla Inc 


M. J. Weldon, former metallurgist at 


Northeastern Steel Corp Bridge 
port Conn ha 


vith Henry G. Thompson & Son Co 


in New Haven 


accepted 4 position 


Howard J. Eyman has resigned hi 
position with Carnegie Illinois Steel 
Corp., Pittsburgh, to join U.S. Steel 
Corp. in that city 


John W. Gardner, a member of the 
board of directors of Gardner-Den 
r Co., Quincy, IIL, has been named 


coordinator ) 


product dey 
ing in the 
department 


opment. He hi been sery 
engineerin id ile 


the compar 


J W. GARDNER 


Kenneth F. 
named assistant 
the be emer converter mill, Youn, 

town District, Republi Steel Corp 


He has been vith Republi ince 1937 


Waggener ha been 
uperintendent of 


At Reserve Mining Co., a joint 
venture of Armco Steel Corp. and 
tepublic Steel Corp Silver Bay 
Minn., C. L. Kingsbury is retiring a 
vice president. Mr. Kingsbury, whe 
va ce president and general mar 

Rustle Iron & Steel Corp 
ior to the 
npany into Armco, will continue 

consulting capacity to Armco 

Corp. J. William Bryant, who 

assume Mr. Kingsbury’s dutie 

been elected a vice president 

ociated with Armeo for the past 
served most recently a 


incorporatior of 


year he 
controller and assistant treasurer in 
the Cleveland office 


Glenn O. Wilson has been promoted 
to director of the Industrial Techni 
cal Div., Dorr-Oliver Inc., Stamford 
Conn Mi been serving as in 


dustrial 


D. JONES 


William Jones ha izned 

post i a istant director of pel on 
nel and industrial relations, National 
Lead Co. of Ohio, to become mat 
wer of industrial relations of the 
Toronto, Ohio plant Titanium Met 


ils Corp. of America 


Malcolm F. Judkins, manager, Ne 
Product Dis Firth Sterlin 
Pittsburg! recentl iddressed the 
California State Pol technic College 
tudent 
of Tool Engineers. His talk dealt 


Industrial Nuclear Powe 


chapter of the Americar 


Alaettin M. Aksoy, chief metallurgist 
the Vacuum Metal Div (ru 
steel Co. of America Pitt 

h, addressed the National Pa 

el Car Bod and Material 

neeting of SAE on March 6. H ub 

vas The Effect of Vacuum Melt 


Lou Alloy Steel 


RK. F. Heimke, ; mist for Bradle 
& Eckstron Ine now ] ited it 


4 Calife 


Bernard N. Ames, president of Co 
umbian Bronze Corp Freeport 
N. Y has joined John B. Salterim 
Co. Ine. as a member of the board 
of directors. Mr. Ames, @ pioneer in 
the development of shell moldin; 
technology in) thi country erved 
for many year vith the New York 
Naval Shipyard as he ad of the cast 

ng development and foundry prac 

tice ection of the Materials Labor 

ators ha 
tion fron thre N iV \ Dept fou 


received several « 


technical practical work 


foundry practice 


Richard N. Miller, a member of the 
taff of Vitro Uranium Co, Salt Lake 
Cit nee 19448, ha 

the new position of assistant to 


been appoints ad 


pre ident re pon ible for lony 
« planning. He has been serving 
is plant engineer since 1954 


Richard P. Simmons has been pro 
moted to manager of processing of 
the Toronto, Ohio, plant 
Metals Corp. of America. He had 
been supervisor of the titanium see 
tion, Brackenridge Works, Allegheny 
Ludlum Steel Corp 


Titanium 


Donald C. Coleman is director of op 
erations and development, Wilputte 
Coke Oven Div., Allied Chemical & 
Dye Corp, New York. He was forn 

ociated with U S Steel 
Hill Pa 


ert a 
Cor p 


D C COLEMAN 
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Charles W. Nichols, 
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president pradu 
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icture Oo 


‘ mea ! post a director 
Jniversit Institute for the 
Meta! order to devote 
to eu the pn} cal 
lle smith he 

mn the Institute 
formatior 1945, served a 
or metallurgical investi 
for the inhattan Project 
Wo! War Il. Earl A. Long 
the titute Low Temper 


Laboratory 


hi 


neludin 


Frank W. Hurd | 


dent 


Adolph Q. Lundgq 


nted 


po 


ber 
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operatior 
ind 


ido 


ited 


Re 


1943 


later 


Plateau 


bear 


re 


concent! 


Junction 


0. 
De 


velopment 


itiona 


nember 


Soc! 


He 


earch committee from 1944 to 1952 


Penerati 


Fraser, 


nad 


Ke 


recent 
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icceeds Di 


F W. HURD 


ated 


the Manha 


beer 


prom 
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Inior 


he cer 
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presi 


iwarded 


the Ar 


na beer 


xkceptior 


la an 


Smitl 


tion 


In 

aT 
nonor 
rica’ 

il a 


appointed 


Kichard L. Reddy, former! f the been elected t 
partment of irgical eng MEME Academy of Science 
Hes tech I the highest ranking scientific body 
tute, 1 ned the nthe U.S. Professor of metallurgy 
‘YY of Met Res h Labora ye at the University of Chica he re 
iwara F N. ¥ of 
_ 
re “igi his t 
is director of the Institute 
B S LEMENT Union Carbide Nuclear Co. 
lirector of research D of Physi Mr Bhi 
Metallus Manufacturi Lab 
4 4 t ‘ | f era tant pro Cory] | ol becoming vice pre 
‘ stsothee lly ersit of Notre dent in 1940. In 1955 he was made 
Dame. Dr. Lement was a member of ce president of Union Carbide Nu 
the ese } of Massachusett clear Co. Eb served on re 
x Institute f Teel ‘ vnere ne 
ceived | ind DSe. degres 
the department of metallurgy 
AL CARROLL ME president of 
n Dept, of Electro Metallurgica f trustees of New York Universit he. ‘ 4 
\. Carroll | been appoint ember of the board of mar 
project pt hile H. S Cooperative Social Settlement y 
Newhall e chief develoy ciety of New York. and a director * ce ia 
ente Mr ¢ f Allied Cher ind Dye Cory 
te th Electromet Eugene Munsell & Co. and Niro 
esponsible for the de tor er Ltd — 
neermpe Center under constru L. C. Hewitt has been elected vice 
N Falls. Mr Newhall president-researeh and development 
© joined the department is th Ironton Fire Brick Co. Prior to 
ei orn metal ome the compar n 1955, Mr 
sales engineer, Leetre Hewitt had been vice president and 
on f Meira firector of reese cl for Laclede 
Rleetrie Ce ( ty ot. Lou d on of 
Ht} Porter Tne 
Bas been associ with variou 
William T. Abhlborg, formerts ee activities of the corporation 
president and secretai Denver 
a ent Ce Denve ha beer 
rect He has beer i 
nee HE Prior to } ippointment 
d me of Union Carbide taff since 
| 1942, Mr. Lundquist has been er 
3 aged in the production of urani 
of the Rifle, Colo., plant 
~ | | anager of Colo 
H S NEWHALL operations at Grand 
Loren W Smith | ‘ ned a 
eud of the tion, Ma “4 tant m 
tant pre lent and direct York, was 
f et evelopment in 
ton-Ci i ¢ N. ¥ W T AHLBORG Welding for 
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id nickel al 

\ for dent of the 

Mr. Fraser was the recipient 

fi Samuel Wy! Miller Memo 

rial Medal in 1951. Sidney Low 

ipervisu engineer Research & 

Development Laboratory, Chapmar 

Valy Witt nal Orchard 
Ma 

England distri 

American Welding Society 


director 


K. C. BROWNELL 


‘hangs n anagement taf! 
Amer! 
Smelting & Refining Co. Retu 
ire Roger W. Straus, chairman 
he board, who will remain as a 
tor, and John C. Emison, finance 
mittee chairman. Osear S. Straus 
Wl act as finance chairman to suc 
ceed Mr. Emison, while Kenneth ( 
Brownell hha ivanced to board 
chairman from president. R. Worth 
Vaughan has been clected president 
Forrest G. Hamrick, the new trea 
irer, and R. D. Bradford, vice pre 
ident aN been elected directors of 
vation. Kershaw Harms 
a vice pre ident 


recently announced by 


R W VAUGHAN 


H. Glenn 


Conrad F. Nagel, Jr., has retired ; rocess for producing 
vice president of Aluminum C if minum used in explo 
America after more than 41 
ervice After two year expert Ernest T. 
ith the compan Mr Nagel wi: executive office! National Steel 
ade head of the proce an rod Corp Pittsburgh, ha vetived fron 
ict adivisior rechnical rectior the yanization which lhe 
Bureau, at i i ha been dor 
Metallurg: Dept “abricating ! for many 
Div., in 1928. He becan n began hi i inns thee 
ist in 1944 and elected i and reaches 
vice president in 1l%o¢ ilso ha iti level at the age of 
erved as cha Oo technical Phillip 
and research policy committee Mr ‘oO larksburg, W. Va 
Nagel’s contributions to the industry »> the Weirton Steel 
include the establishment of alum: Weir assumed the 


Weir, chairman and chiet 


founded 


Sheet 


num i a noncorrosive aircratt ma 


terial and the development. of (Continued on page 


For Many Uses... 


Especially Designed for Steel Mill Maintenance 
MAX-BOND 


A Super, Mouldable Refractory of Many Uses 


A many bladed kote has amultitude of use as eve ryone knows! 
uct is Mex-R-Co MAX-BOND, a specially des 


thousand-and-one uses in keeping steel mull furnace 


MAX-BOND is unequalled for repairing 


super-duty, of high-alumina. Its mouldable 


Sucha prod 
refractory product for a 


operating at 


all fire elay 
characteristy 


tructure high-duty, 
makes at easy to 
quickly install — regardless of the location or contour, Tt sets up with high 
MA\-BOND is 


need for special refractory shape It as 


fresh 


strength, with or without heat economical to use because at 


eliminates the ily wrapped to re 


main consistently 


Steel mills have long wanted a product for general maintenance and 
MAX-BOND is the answer. Try it 
of MAX-BOND Maintenance 


Write now for further informatior 
(MEX-R-CO ) 
MEXICO REFRACT ORIES COMPANY 


wat FIRE BRICK DIV.—WNiles, Ohio 
WATIONAL REFRACTORIES DIV.— Philadelphic, Po. @ BIG SAVAGE REFRACTORIES DIV stein Md 


Canadian Affiliate REFRACTORIES ENGINEERING AND SUPPLIES LTO. Hamilton, Ontario, Canada 


repair 
avail yourself of the cost-cutting benefits 


and arrange for test installation 
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‘round the world they go 


Metallurgical and chemical industries the 
world over use Lectromelt...the efficient, 
versatile electric furnaces designed by 


Lectromelt of Pittsburgh, U.S.A. 


A carefully selected family of com- 
panies all over the world are licensed 
to manufacture and erect Lectromelt fur- 


naces. Together, we have installations 


Lect rom elt FURNACES 


and a world-wide family building them 


from South Africa to Finland, Chili to 
Canada, Turkey to Hawai... anywhere 
melting, smelting, refining and reduc- 


tion furnaces are needed. 


For further information, write to 
Lectromelt Furnace Division, McGiraw- 
Edison Company, 326 42nd Street, 


Pittsburgh 30, Pennsylvania, 
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NON-CARBONACEOUS 


CORE COATING THAT PRODUCES 
SMOOTHER FINISHED CASTINGS 


SII AC United States Graphite Com- 


pany'’s complete core coating, requires only the 
addition of water, and produc cs bright, gold-colored 
coaung with fine, smooth surfaces—using any 


foundry sand 


Sil AC is non-carbonaceous and inert; 


will not react with any molten metal, including grey 
iron and steel. Clean to handle, its burnished gold 
color makes cores highly visible—a real help in 


placement of cores in the mold 


SII AC costs less and gives improved 


casung quality. Resists flaking and completely seals 


core surtaces. 


AVAILABLE in 55-gallon drums, (in paste form) 


ready for mixing and dilution to your desired 


Baume—even to a scale of 32—without setting 


WRITE TODAY for details about SIPAC or any 


other United States Graphite Company core and 


mold 
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